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We at Hall Harding have been steadily 
anticipating and fulfilling the needs 
of the drawing office. Today it is 
for over our proud boast that we can supply 
100 years ae anything from a single photo copy to 
a complete print room, froma 
set-square to a complete drawing office 
Small wonder then that for over 


a hundred years, Architects, 


Engineers and Designers have been 


getting in touch with Hall Harding 


HALL HARDING LIMITED 


STOURTON HOUSE, DACRE ST., LONDON S.W.1 


BRANCHES BATH BELFAST BIRMINGHAM 
BRIGHTON - CARDIFF . DERBY GLASGOW 
HUDDERSFIELD - LEEDS - LONDON (4) 
MANCHESTER - MIDDLESBROUGH, YORKS 
NEWCASTLE-UPON-TYNE - NEWPORT, MON 
PORTSMOUTH - SOUTHAMPTON y 


STOKE-ON-TRENT - WOLVERHAMPTON 








*% Telephone: ABBEY 7890 
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= CRONITE FOUNORY CELT? 


LAWRENCE RO'TOTTENHAM LONDON NIS 
PHONE “STAMFORD HILL 4237 





The logicat ddvattce in Mac CUE! 








OLD WAY 

To provideashoulder 
for the tensioning 
Spring on this filler 
cup entailed an extra 
long, threaded shaft 
a nut, a hole drilled 
to take a cotter pin 
and an altogether 
tedious assembly 





THE SALTER WAY 
The spring is quickly 
positioned on a 


shorter, plain shaft by 








4 a Grip Ring which is 
i 


EXTERNAL snapped into position 
RETAINER for secure, frictional 


grip. 











save material—reduce assembly time 








When it’s a question of assembling components machining operations. A large standard range 
in any engineering field, Salter Retainers are the is at your immediate disposal, and we should 
answer. They replace nutsand bolts, screws,cotter welcome the opportunity to assist in developing 
pins, and eliminate expensive threading and _ special retainers to solve your problems 





NEATER — MORE POSITIVE — PERMANENT RETAINING 


Send for the Salter Retainer 
catalogue — no designer is 
complete without it Re 
TRU ARE 
) Circlips €> Fasteners Retainers || Fixes 


Geo. Salter & Co. Ltd., West Bromwich Spring Specialists since 1760 
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HOIST-BLOCK 


For many industrial lifting and moving jobs, Morris electric hoist-blocks 
fulfil requirements successfully and economically. Consider the compre- 
hensive and adaptable Morris range. Push travel (as illustrated). Geared 
travel (moved by pulling on an endless hand-chain). Flexible bogie types 
(push or geared travel) for runways with curves. Electric travelling types 
for either straight or curved runways. Dual speed models with altern- 
ative lifting and lowering speeds in addition to normal speeds in one unit 
adaptable to the same form of suspension and travelling detailed above. Sizes 
t, 4, 1,2,3, 5,74 and 10-tons. Twenty page Section 73/28 gives more details. 


WHY TAKE A CHANCE? INVEST IN A MORRIS AND BE SURE 

















HERBERT MORRIS LTD P.O. Box 7 LOUGHBOROUGH ENGLAND 


Telephone: LOUGHBOROUGH 3123 


THE ENGINEERS’ 


DIGEST 








industry 


Ford industrial engines are a practical proposition for World-wide Spare Parts Service Organisation. Take 
many industrial equipments ... compressors, cranes, your choice from a wide power range . . . Diesel 30 to 
pumps, contracting equipment, earth borers, generators, 86 b.h.p. and Petrol 21 to 87 b.h.p. (12-hr. rating) 

railcars, welding plant, works trucks, tractors and DIESEL ECONOMY—have you considered the 
conversions. Simple design, modern flow-line production replacement of existing power units in your equipment 
methods and common interchangeable parts contribute and trucks with the famous Ford 4D Diesel engine ” 

to the low cost of these high efficiency engines. And You'll have the unique advantages of economy, long-life 
remember, every Ford engine is fully backed by a andlowrunning costs... plus the best service inthe World ' 


le Som mw BE 


Wherever you are, whatever your problem, we are at your service. For further details of 


60860 sun" 


and the equipments they power, contact your nearest Ford Dealer or write to 
FORD MOTOR COMPANY LTD - PARTS DIVISION - AVELEY DEPOT - SOUTH OCKENDON - ROMFORD ESSEX - ENGLAND 


MAY, 1958 Volume 19, No. 5 Aj 





CONE-RING 


FLEXIBLE COUPLINGS 


(PATENTED) 


are simple in design, easy to assemble, 
and are made for continuous trouble-free 
service. 

Engineers throughout the world have 
specified these couplings for vital duties in 
all the major industries. 

They are also agreed that our 
‘from stock’ is second to none. 


“4 
jaaa@ § 


THE 


DAVID BROWN 


CORPORATION (SALES) LIMITED 
RADICON DIVISION 
PARK WORKS ~© HUDDERSFIELD 
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High-pressure pumps Od 


infinitely variable control with 





HYDRO 


TITAN 


Hydraulic 

transmission gears 

and high-pressure pumps 
from 2 HP 

to several hundred HP 


Om) 
0-4) 


Standard 
transmission gears 


transmission gears 


Variable over a wide range 


Regulation with 
constant torque power characteristics 
or with constant horsepower output 


High efficiency over a wide range 
Continuous power transmission 
Rapid, joltless reversing 
Controlled braking 
Large overload capacity 
Simple maintenance 
Flexibility of application 


Parallel or series arrangement 
of several fluid motors 


HYDRO 
TITAN 


the economical, proved and reliable 
transmission gear 
for all branches of industry and transport 


HYDRO TITAN Units *, 





DE ROLL 
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Louis de Roll tron Works Ltd 
Works at Kius, Kius (Switzeriand) 


Sole agents for United Kingdom 
Hydraulic installations Lid 

Stone House, 277 Greenwich High Rosed 
London S.E.10 

Telephone: Greenwich 5375 





BECAUSE of its high chromium and carbon 
content, 476 Steel resists wear and is specially 
suited for exacting punching and forming oper- 
ations on abrasive materials. It has also consider- 
able toughness, the tool edges standing up to 
shock applications, such as heavy punching and 
shearing. The photographs illustrate two con- 
trasting applications. (Top) Three stage press 
tool for punching and forming clamping washers 
from brass strip (courtesy, Clarke Chapman & 
Co. Ltd.). (Bottom) Heavy press tool for blanking 
hoist bracket in 4 in. thick mild steel (courtesy, 


Stothert & Pitt Ltd.). 476 is air hardening and 


+ 224 


machinable in the annealed condition. Applica- 
tions include blanking dies and punches for sheet 
brass, copper, zinc, high silicon transformer steels 
and hard abrasive materials generally ; blanking 
tools for steel sheet and plate ; blades for flying 
strip shears and plate shears ; deep drawing dies, 
cupping dies, forming dies ; sheet metal forming 
rolls ; circular cutters for strip ; trimmer dies, 
thread rolling dies ; gauges and other precision 


tools ; taps, staybolt taps ; brick mould liners ; 
master hobs for cold hobbing plastic moulds ; 


cut moulds for plastics. 





| 
SANDERSON’S| 





SANDERSON BROTHERS AND NEWBOULD LIMITED 


Attercliffe Steelworks, P.O. Box 6, 


Newhall Road, Sheffield 9 


ESTABLISHED 1776 
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Issued by the Gas Counck 
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Production Standards... 


.. on Land, at Sea, and in the Air, 


would not be possible without 


, ) ! 
Mr. Therm’s W silo hoiahiedsucelll to industry. 


MR.THERM BURNS to serve vou ALWAYS 


in all ways 


2 





IND - 11 million housewives cook by GAS! 
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For all practical purposes, 
there is no limit to the size, 
ratie and type of worm 
reducer you can order from 
Holroyd. We can give 
immediate delivery of our 
standard units up to |2 inch 
centre distance, from a 





choice of 340 combinations 
of type, ratio and size shown 








in the table below. 
Reduction gears over |2 inch 





centre distance can usually 








be assembled for you fairly 
quickly. Send for the 50-page 
book about Holroyd worm 
speed reducers and you will 
always have complete details 








of the whole range by you 
for quick reference. 





Single reduction underdriven with horizontal 
Holroyd HU input and output shafts. Centre distances 3, 4, 
5, 6,7, 8,9, |O and 12 inches. 
- ane Single reduction overdriven with horizontal 
olroy input and output shafts. Centre distances 3, 4, 
5, 6,7, 8,9, |O and 12 inches. All these 
Single reduction with vertical output shafts and can be 
Holroyd HV horizontal input. Centre distances 3, 4, 5, 6, 
7, 8,9, \Oand 12 inches. 


2} inch centre distance. Suitable for under- delivered 


driven, overdriven or side mounting. 


Made in three sizes—I}4, |} and 24 inch centre from stock 
Holroyd F distance, and suitable for a variety of mounting 
positions. 


Holroyd Verso 


All the above are available with any of the following ratios:—5, 74, 10, 
15, 20, 25, 30, 40, 50, 60 and 70 to |. 


Holroyd 90 YEARS OF GEARS . sees 


Alo 








CRC 191 
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FAST 
VERSATILE 
ECONOMICAL 


SENTINEL UNIT MACHINES 
incorporating the Renault- 
France system electro- 
mechanical heads. 

Built for—Drilling, Boring, 
Facing and Chamfering. 8 
different types of Manifolds 
(see inset). Two manifolds are 
loaded, pneumatically located 
and clamped. 

Press a button to start—and 
in less than 30 seconds the 
machining cycle is completed! 


AN EXAMPLE OF 
FLEXIBILITY 


This Unit Machine comprises a 

3 ft. Ory Base, and an EMH 
10 with Boring, Facing and 
Chamfering Tools 

3 way Centre Base 

4 ft. Ory Base, and an EMH 
10 with Boring, Facing and 
Chamfering Tools 

Bridge Column, and an EMH 
20 with a 12 multi-spindle 
head 





Sentinel Unit Machines are ~~? from standard bases (with enclosed 
tables, all of which have machi mating faces for assembly inte varied 


SENTINEL (SHREWSBURY) LTD SHREWSBURY ENGLAND 


Telephone: SHREWSBURY 2011 Telegrams: “SENTWOLL SHREWSBURY” London Office: 15 CONDUIT STREET LONDON W.1. Telephone: MAYFAIR 2675 
Paice 
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STAND 356 This slow speed drive to a Gas Fired Continuous Tempering 
MECHANICAL Furnace includes a Size F10 Carter Variable Speed Gear. 
HANDLING Built by the Dowson & Mason Gas Plant Co. Ltd., the pro- 
EXHIBITION cess speed may be infinitely varied by means of the Carter Gear 
—— control, adjustable with the drive running or stationary. 
Remote Electrical, Hydraulic, Hand or Lever controls are 
available with all sizes of Carter Gears. 


SEE OUR EXHIBIT ) 


Specialists for over 20 years 

in the design, manufacture 

and industrial application 

of Hydraulic Variable Speed Gears. 
For full details of the entire 

fractional up to 35 horse power range 
of Carter Variable Speed Drives 

write for Folder 658. 


BRADFORD 3 


TMC MATiizemm YORKSHIRE 
ENGLAND 





*phone: Bradford 64378 (3 lines) 
"grams: ‘Became’ Bradford Telex 
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Stand-by for 
\ Uranium... 


Where two years ago there was only virgin Canadian forest, 
there now extends the great Consolidated Dennison 
Uranium Mine, a 45,000,000 dollar enterprise and the 
largest uranium mine in the world. 


As a safeguard against failure of the hydro electric power supply to 
a vital part of the plant ‘the stoppage of which would necessitate 

a lengthy shutdown) this Mirrlees JVSS12 engine and Brush 
generator have been installed; within twenty seconds the 

diesel plant starts automatically and reaches full power, 

taking over the load and preventing a costly shutdown. 


MIRRLEES, BICKERTON AND DAY LIMITED 


A member of the Hawker Suddeley Groug 


HAZEL GROVE * STOCKPORT * CHESHIRE «+ ENGLAND 
Telephone: STEPPING HILL 3841 (14 lines) Telegrams: *‘Mirrlees Telex, Manchester” 


it 2 
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oO ulusttY 


As pioneers of hot-dip galvanizing 
Harveys have exceptional facilities for 
its application, including baths 165 ft. x 
7 ft. x § ft. 9 in. deep and 30 ft. x 3 ft. x 
5 ft. 6 in. deep. 

Regular and frequent collections and 
deliveries by Harvey Vans within a 
radius of 25 miles. Rail Traffic 
handled through private sidings. 


Harvey 


G. A. HARVEY & CO. (LONDON) LTD. 
WOOLWICH ROAD, LONDON, S.E.7 
Telephone: GREenwich 3232 (22 lines 
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COLT AND 


: 
: 


THE NEW HORIZONS | 








The Kemsley Power Plant, Bowater Paper Corporation. 
Architects: Farmer & Dark. 


Just as the squat, smoke-belching power houses of 
the industrial revolution have given way to power 
plants of such orderly austerity as those that serve 
the Bowater Organisation, so has the demand for 
more positive control over the ventilation of these 
buildings grown stronger. The provision of 
effective, controllable ventilation called for a 
revolution in ventilator design. The precise, aero- 
dynamic lines of the Colt SR Extractor, shown 
above, epitomise the achievements of that 
revolution. 


In this photograph of the Bowater Power Plant 
at Kemsley near Sittingbourne in Kent, 32 Colt 
S.R.C.3080 Controllable Natural Extractors are 





.@ 
3 
wae pan -_ shel 


2 S.R.C.3080 Ventilators 





Colt Equipment 


Consulting Engineers: Ewbank & Partners Limited 


utilising to the full the free power of the wind and 
thermal currents to change the air in the building 
10 times in each hour. The effect of this is to 
ensure the maintenance of temperate, fume-free 
conditions demanded by modern industry, and 
without which maximum output can never be 
achieved. 

The careful attention to detail that went to the 
formulation of this, and of the other similar 
systems at the Bowater Mills in Northfleet and 
Ellesmere Port, is common to every ventilation 
scheme, large and small, that Colt undertake. The 
technical service of the Advisory Staff is always 
available without charge or obligation. Let Colt 
solve YOUR problem. 


Send for Free Manual on Colt Ventilation to Dept. (2! 5 


VENTILATION 


COLT VENTILATION LTD 
TELEPHONE: 


U.S.A. Subsidiar 


Sranches at: Birmingham, Bradford, Bridgend (Glam), Bristol 


SURBITON SURREY 
ELMBRIDGE 6511 (10 lines) 


Colt Ventilation of America, Inc., Los Angeles 
, Dublin, Glasgow, Leamington Spa, Liverpool, London, Manchester 


/ewcastle-upon-Tyne, and Sheffield. e Agents in: Australia, Belgian Congo, Belgium, Burma, Canada, Cyprus, india, indonesa 
Madagascar, Malaya, Mauritius, New Zealand, Pakistan, Portugal, Rhodesia and Nyasaland, South Africa, and West Indies 





MAY, 1958 Volume 19, No. 5 


G 9WA 


Ais 





Light Alloy “Grundycan” 
welded with Saturn-Hivolt 


Surge Injector Welding Units 


One of the finest light alloy churns available, the ‘‘Grundycan’’, is welded throughout 
by the Argon Arc process using Saturn-Hivolt Surge Injector equipment. Saturn 
cutting and welding equipment has, for many years, played a big part in industry. 
The new Saturn-Hivolt Argon Arc Welding Machines and Saturn High Purity Argon 
offer the finest welding of aluminium and its alloys and stainless steel. Let us show 
you the complete range supplied and maintained from our many branches through- 
out the country. 


SATURN INDUSTRIAL GASES LTD 


Saturn Works, Gordon Road, Southall, Middlesex. Phone: Southall 5611 
BRANCHES: 

GLASGOW - BIRMINGHAM + MANCHESTER +: SHEFFIELD 
LYMINGTON - SUNDERLAND - THORNABY-ON-TEES 
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PHOTO-TRANSISTOR COUNTER 


with BUILT-IN 5-Figure 
RESETTABLE COUNTER 


Designed as a packaged unit this new Photo 
Transistor Counter requires only to be connected 
to suitable power supply to operate. No inter 
mediate relay required 


Write for details 


ounting 
i. oe nstruments Ltd 


electro-magnetic counters now in production. 


COUNTING INSTRUMENTS LTD., 5 ELSTREE WAY, BOREHAM WOOD, HERTS. Tel: EL Stree 13862 


cto «mt 
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EXPERTS IN THE IMPOSSIBLE 


When it’s a question of making intricate, accurate investment castings of awkward 

shapes, in difficult metals, we never label any job ‘impossible’. 
Every week we carry out orders for many thousands of complex precision castings for 

all types of engineering projects, ranging from aero and marine engines, aircraft, guided 
missiles, surgical instruments, and automatic machinery, to farm machinery and even 

mechanical toys. So if you are shaping small components by machining, why not let us 

estimate for casting, and compare the costs? 

If possible, consult us at the design stage. Brought in at this point we have often been able 
to propose—and supply—a single casting instead of an assembly of separately machined 

components. And we can carry out the complete finishing, including any necessary 
machining, if you require it. 

If you would like to see the sort of job we can tackle in difficult metals like stainless, high 
speed, and other tough alloy steels, write for 

our 24-page illustrated booklet, ‘“‘Napier Investment 


Castings’’, to Napiercast Foundry, 
211 The Vale, W.3 


FOR THE FINEST INVESTMENT CASTINGS 
D. NAPIER & SON LIMITED - LONDON .- W.3. 


CRCN2 
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——__ ~~ io FASTER SPEEDS 
ne | | HIGHER TEMPERATURES 
ACCELERATED CORROSION 


GRAND HALL 
AND 


GREATER PRODUCTION 
throughout industry 


are modern conditions which demand the 
protection of 


DELORO 


1 STELLITE 


1 
} 


Characteristics of Stellite 6 
— a typical Deloro Alloy 


@ Heat Resistant 
— ultimate tensile strength at 850°C. is 40 tons p.si 


@ Corrosion resistant 
— proof against most acids 


@ Abrasion resistant 
— 3 to & times the life of steel of C64 Rockwell 


@ Non magnetic and non sparking 


These characteristics are possessed by all Stellite Alloys, and may be varied to suit a wide range of 
industrial applications. Deloro Stellite is deposited by arc or oxy-acetylene welding, or is supplied 
as castings. 

Forty years engineering experience is available through our sales and technical staff and literature 


Why not write us? 


2S AT RETRO 
DELORO STELLITE LTD . SHIRLEY . SOLIHULL . WARWICKSHIRE . ENGLAND 
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FOR IRON CASTINGS SPECIFY 
ASHMORE’S MEEHANITE 


yf!” 


Ashmore’s MEEHANITE castings are produced under strict 
metallurgical control ensuring consistent properties for the 
service required. 


MEEHANITE is produced in many grades to meet specific 
requirements, whether for heat, wear or abrasion resisting 
applications, 


Ashmore, Benson, Pease & Co. will be pleased to advise the 
grade suitable for your application. Upon request, a 
specification booklet will be posted to you. 


Capacity is available for producing castings up to 20 tons 
weight or 13 feet diameter, by modern methods and processes. 
ASHMORE’S MEEHANITE 
The 42 gas valve illustrated above weighs 3 tons 3 cwt. and is made 
in heat resisting MEEHANITE to withstand a working temperature 


of 700 C. The lower photograph is of a colliery rope drum weighing 
lewt. 3 qrs. 


ABP ASHMORE, BENSON, PEASE & CO 


(MEMBER OF THE POWER-GAS GROUP) 
STOCKTON-ON-TEES AND LONDON 
AUSTRALIA CANADA . INDIA ° FRANCE . SOUTH AFRICA 
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A shot every moment 

—cast well and true, 

and production improvements, 
—are offered to you. 


MODEL 215E 





TELEPHONE CARLISL 





MAY, 


E 21418 


GINEERING DIVISION 
DURRANHILL ROAD 


CARLISLE 
— 


— signifying .. . 
SKILL IN DIECASTING MECHANICS ...and... 








MODEL 4 


MODEL 40 
PRODUCTION’S MUCH FASTER WITH A COULTHARD-KIPPCASTER. 
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non-drawout 


ELLISON GEOF 400 AMP. 


The GEOF circuit 


CIRCUIT BREAKER 


breaker and direct-to-line FOR SERVICE VOLTAGES 


starter, is designed for mounting on floor stands or OF UP TO 660 
for bolting to supports such as steel chambers or 
stanchions. Now in full production, this new circuit 300 HP DIRECT-TO- 
breaker possesses the main features of the success- LINE STARTER 

ful GEO drawout range including :—Reversible main 
and arcing contacts. Free handle on overcurrent. A.S.T.A. TESTED TO 
Series-connected, solenoid-operated over-current re- B.S. 936:1940 
leases with time lags. Write for further particulars. 
BREAKING CAPACITY 
lnm ¢ 25 MVA at 400 VOLTS 





Continuing a Tradition 
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Zeta, with insvet showwng BTH ‘clamping’ igmitron 


IGNITRONS 


IN ZETA, BTH Ignitrons are employed as BTH Ignitrons for industrial applications, such 
electronic switches for ‘discharge’ and ‘clamping’ as resistance welding control and power recti- 
duties, and perform vital tasks where precise fication, are manufactured to the same exacting 
timing and complete reliability are essential standards. The Company offers the widest 
Specially developed for the project, these ignitrons range of ignitrons in the United Kingdom and 
carry peak currents in excess of 20,000 amperes all these are interchangeable with corresponding 
in the 25,000-volt power circuit American types 


WRITE FOR LEAPLET DL.58t'4 


BRITISH THOMSON-HOUSTON 


THE BRITISH THOMSON-HOUSTON COMPANY LIMITED - LINCOLN ENGLAND 
° on ALS. Compony Acest 
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Don’t take risks... 


When it comes to Gear and Transmission problems you 
cannot afford to adopt the “ William Tell’’ hit or miss 
method. In this day and age it pays to call in P. R. Motors, 
recognised the world over for Accuracy, Precision and 
Ability to deal efficiently with difficult projects. 


Apart from special objectives, there is always the standard 
range of Automotive and Industrial Gear Boxes. 


& THE GEAR SPECIALISTS 


Cut, ground or shaved Spur and Helical Gears Ground 
Worms and Splines — Bevels — Reduction Units — Gear 
boxes for all Trades. AJ.D. Approved 


P. R. MOTORS LTD - ALDBOURNE ROAD - COVENTRY 


2266 (3 lines) 


Telephone : 


A24 


Telegrams : Supagears, Coventry 
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, ERTICAL The miller thet “ stays ,, on the floor and 


eliminates knee vibration 


i \ILLING Hydreulic copying attachment 
/ AACHINE 


FVM .5S 


Sole agent: 


Cyril Adams & Company (Special Projects) Lid. 
0-74 City Road 
LONDON Be 3 


Table . : ‘ ‘ ; ‘ 98%" x 20” 
Spindle , : ‘ : ‘ ASME 2%" 
Power required . ° , ; HP 38 
Weight ; , ; ° . lbs 18430 


MACHINE TOOL BUILDERS 


EXPORT OFFICE 


MILANO (italy) - Piazzale P.ssa Clotiide 8 - Phone 637-193 © 
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Your problem of chipbreaker 
grinding can be solved 

by the combination of the Neven 
diamond impregnated chipbreaker 
wheel used in conjunction 

with the G.F.3 Mark II 
Universal Cutting and Tool 
Grinding Machine. 

The G.F.3 machine can also be 
supplied with an automatic 
traverse and we will be pleased 
to arrange a practical demon- 
stration of this equipment. 


SOLE AGENTS FOR NEVEN TOOLS 
FOR TUNGSTEN CARBIDE 
APPLICATIONS IN THE UNITED 
KINGDOM, MESSRS. WICKMAN 
LIMITED OF COVENTRY. 


IMPREGNATED DIAMOND PRODUCT 


OF GLOUCESTER - ENGLAND 
TELEPHONE 21164 (3 LINES) : TELEGRAMS IMPREG GLOUCESTER 
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efficiency through RATIONALIZATION 


ALL your needs in Engineers’ Small Tools, Macrome Treated Tools, al 

Hand and Power Tools from ONE SOURCE. The time, effort, thought a) > —_G 
and paperwork entailed by piecemeal ordering saved permanently by 

the single decision tools from Hallmac. Rationalize your buying by = Coa «| 
making use of Hallmac’s immense and comprehensive stock ranges and 


of their countrywide distribution and service network. aaa 


HALLMAC TOOLS (t!™MiTED 


Head Office and Depot: PO Box No. 39 Macrome Road, Wolverhampton. Phone: 52001 (5 lines) 
LONDON: 2! Ivor Place, N.W.1. Phone: PA Ddington 0204 

MANCHESTER: Transport House, | The Crescent, Salford 5, Lancs. Phone » Pendleton ¥6S6 
GLASGOW: Central Chambers, 11 Bothwell Street, C.2. Phone » CENtral 5066 

Sales Managers for the Hand Tool Division of the Bren Manufacturing Company. 
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ENGRAVING | 


s | | ACHES : 


Ask for Lists 800-16 and 2-2H 

































] rucion wovsrats vv, TAYLOR, TAYLOR & HOBSON LTD., LEICESTER | 
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BASIC 
CYLINDER 


3 BORE SIZES /, UNIT 


IN 11 STROKES 


8 DIFFERENT 
MOUNTINGS 


SUPERIOR 


MATERIALS 
STREAMLINED 


DESIGN 


\ Mean with 
: ‘LANG eagle Mass: etal ) Fi ae 2) 


a el WORKS BIRMINGHAM ROA a ft ’ 
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* Newallastic '’ bolts and studs have qualities which are abso- 
lutely unique. They have been tested by every known device, 
and have been proved to be stronger and more resistant 
to fatigue than bolts or studs made by the usual method. 


biG TA 
29 sd 
POSSILPARR BLASGOW- N 
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and step up production... 


For working within close limits, an Anglepoise is simply 
indispensable. However good a worker and his eyes may 
be, he must see the job. This applies in all fine work, 
drilling, assembling, ctc., where instantly adjustable 
close-to-the-job lighting is a sl.cer necessity 

ANGLEPOISE throws a clear, concentrated light right on 
and into the work, not in the operator's eyes, follows the 
job from any position or angle, degree by degree, at a 
finger-touch, and ‘stays put’ in any required position 
and out of the way when not needed. It needs only a low- 
powered bulb for high-class results——-a big saving on the 
lighting bill (it can be supplied with a small shade for low 
voltage systems). Why not learn more about this fine 
lamp by sending for Booklet E.D.? 


TERRY Anglepoise LAMP 


Regd 


Sole Makers HERBERT TERRY & SONS LTD REDDITCH WORCESTLRSHIRI 


——=P y - 


f = 

F- < = 
Why not fit your products with ‘ v, [ a 
Anglepoise’? We will submit Wg : . 
samples on approval. 





‘ 








Some of the alternative bases for all models 
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There are types and sizes for every purpose. 
Over twenty years’ experience is at your service. 





Write for catalogue to: 
CHARLES WESTON & CO. LIMITED 
Irwell Bank Works - Douglas Green - Pendleton - Salford 6 


Telephone : Pendleton 2857-8-9 Birmingham: Midland 6952 
London: Holborn 0414. 
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For the 
fabrication 


of wire products 


Weldmesh 


in rolls or sheets 


: 
: 
z 
t 
‘ 
} 
3 
t 
‘ 
i 
- 
i 
‘ 
| 


is an ideal 


material 


Cut it to the shape you want — it holds together because 
it’s welded together. In the Weldmesh list of standard 

sizes you will find a mesh size and wire 

gauge to suit every purpose. 


A technical service is available to handle any problems. 


Weldmesh is a registered trade name and is supplied direct to users by the sole monufocturers 


THE B.R.C. ENGINEERING CO. LTD., STAFFORD 


London, Birmingham, Bristol, Leeds, Leicester, Liverpool, Manchester, Newcastle, Cardiff, Glasgow, Dublin, Belfast, 


Bulawayo, Calcutta, Johannesburg, Singapore, Vancouver. Export Sales: 54 Grosvenor Street, London W.! 
vv Beer 





MAY, 1958 Volume 19, No. 5 All 


3—€.D. 





















Component size: d 
i’ dia. x 24" 
Material: hard stee/ 
Wheel: Sixty grit al. oxide 
Stock removal ; 
0.004" to 0.005” 
Grinding time: 
75 seconds 
Surface finish : 
0.4 micro-inch €.L.A. 











Viaximum grinding length:— 
9” (228 mm) or 18" (457 mm) 
Work centre height:—3\" (82 mm) 
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The nuclear age demand . 
for increased output, higher accuracy and —_ 
superfine finish is now successfully met with the introduction 
of the KLGG Gauge Grinder. 






The technical information given in the inset provides factual 
proof of this competitively priced machine’s potential employing 
normal production methods and without a specialist operator. 






ull details on request to:— 


NEWALL GROUP SAL 


"ETERBOROUGH TRL s 2227/0819 OR EIG 
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The largest capacity spring balance in the world. 

This instrument was made to weigh giant steel castings 
and is graduated up to 200 tons with | ton sub-divisions. 
It is approved by the Board of Trade for “Trade” 
purposes, where the requirement is that the machine 
must be accurate to within a quarter of its smallest 
sub-division. 
Two Belleville washers, in this instance opposed to each 
other, supply the spring resistant. Their total move- 
ment under full load of 200 tons is never more than 
> of an inch. 








always a spring ahead / 


* When resistance to load or thrust is beyond the capacity of helical springs, 





*% When take-up of shock or sustained load must be restricted to very slight movement 





* When many tons of dead load must be sustained plus intermittent shock of live load. . 


.. it's time to call in SALTER technicians! 


GEO. SALTER & CO. LTD., WEST BROMWICH, ENGLAND ESTABLISHED B79 68 
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DUBIED 


UNIVERSAL TOOL 
& CUTTER GRINDER 


with coolant supply system and dust 
extraction device 





The handy machine for grinding all kinds of 


small and medium-sized HSS and carbide tools. 


This low-priced machine is within the means of 
even small firms having recognised the impor- 
tance of correctly ground tools as the basis 
of any manufacturing process. 


Edouard DUBIED & Cie, S.A. 


NEUCHATEL/Switzerland 
Telegrams: ‘‘EDCO"’ Neuchatel. 


Agents for Great Britain: 
Messrs. Wickman Ltd., Fletchamstead Highway, COVENTRY 














BUT FOR 
KEY APPLICATION 
TO MACHINES 






HEADED, PLAIN AND er] 


WOODRUFF KEYS 
Also monufacturers of 


SOLID AND SPLIT 
TAPER PINS 


Mate Deca 
Cue Ly Wiig 


LSS ——— 
FREMO 


TRADE MARK 


FREDERICK MOUNTFORD (Bham) LTD. 


FREMO WORKS + MOSELEY ST.- BIRMINGHAM, 5 


Telephone : MiDiand 79864 PBX. 
Telegrams : FREMO, BIRMINGHAM 
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RAPID THREAD REPAIR 


CUTS SCRAP COSTS! 














HELI-COIL 


REG'D. TRADE MARK 


SCREW THREAD INSERTS 


Provide a stronger than original thread which will not strip, 
is rust and corrosion proof and unaffected by vibration. Available 
in single size and range kits, Heli-Coil rapid thread repair is a 
must in every machine shop. 


ORDER Youre KIT MOW/ 
FROM YOUR TOOL DEALER ANo - 


SAVE 1r_| sede [KEEP IGS 
FROW Goap|UANTEMA AON THE JOB 


fF OF DIFFI LTY. DETAILS FRE 


ARMSTRONG PATENTS CO. LTD. 


BEVERLEY YORKSHIRE BEVERLEY 82212 





MAKE/MEND 


MATERIAL 


for INDUSTRY 


WHAT IT IS 


DOUBLE BOND, evolved 
after extensive research by 
the makers of Hermetal, is 
manufactured from chemic- 
ally reactive resins (Epoxide 
based) forming a new, self- 
setting, spreadable com- 
pound which entirely super- 
sedes metal fillers—including 
lead. 

As part of the new technique 
in the fabrication of equip- 
ment with resin bonded glass 
laminates, it provides the 
joint and seal. 


PROPERTIES 

@ Exceptional adhesion 

@ Great tensile strength 
@ Chemically resistant 

@ Sets harder than lead 

@ Self curing to any depth 
@ Non-shrinking 

@ Easily workable 

@ Extended “‘pot” life 


@ Replaces leading—no 
lead poisoning, non- 
injurious 


COULD YOU 
BE USING IT? 


Double Bond has a wide range vu, 
production and aaa plications 
practically every dustry can 
benefit from the ondias in time and 
costs which its use ensures. 


DOUBLE BOND mends, seals and 
fills cracks, blow holes, rivet heads 
joints, even large cavities—in one 
application. 


For construction of assembly and 
drilling fixtures, jigs, patterns 
work or tool holders. Instead of 
teaa or solder for sealing joints 
filling damaged parts, coachwork 
production and repairs, etc 


In place of metal for cast and/or 
machined components of proto- 
type or quantity produced equip- 
ment 


For avoiding delay in delivery o 
**specialist’’ equipment. Fabricate 
it with plywood or plastic bonded 
sheet, etc., and joint and protect it 
with Double Bond. 


TWO TYPES! 
PUTTY can be mixed and 
moulded with the hands or 
mechanically. 
CREAM-mixed and applied 
with a knife or spatula. 
Write for descriptive folder o1 


TRIAL SUPPLY 
4 oz. each of putty and 
cream with full directions 
for use: 7/6 post free. 


Available in standard packs of | lb., 3 lb., 7 lb. and upwards. 


THE KENILWORTH MANUFACTURING CO. LTD 


WEST DRAYTON, MIDDX. 


Telephone West Drayton 3731 PBX 


Mokers of Hermetal, Summit metallic paints and Hermetite Jointing Compounds 
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Motor Generators 

frequency 1 kc - 10 kc 

and capacity 25 kw - 300 kw 

Large powers can be 

achieved by coupling 
enerators together 

Th equipment ts air 

cooled or water cooled 


P MEN T 


Progressive shaft 
hardening fixture 
—one of a range 
of standard 
fixtures supplied 
af a — variety 
ications : 
in Seataneion Delapena’s Applications Department exists so that 


— customers can see our Induction Heating equipment 
applied in relation to their own specific problems 


EQu 


Heaters. 


NG 


For hardening, ultra-rapid and highly localised heating 
cuts rejects, minimises distortion, scaling and 
resultant machining. Brazing and soldering operations 
are done faster, joints are 100% clean, performance 

is consistent, the soldering medium can be closely 
controlled, and the machine is easily operated by 
unskilled labour.These are only a few of the advantages 
offered by Induction Heating in repeat brazing and 
soldering work 


HEAT I 





It pays to have the advice of a specialist in Induction 
Heating. If Induction Heating is the answer to your 
problems, our experts will tell you-and prove it first 


INDUCTION 


PRECISION 


DELAPENA & SON LIMITED 


Manutacturers of induction Heating and 


Precision Honing Equipment 
ZONA WORKS - CHELTENHAM . ENGLAND 
Telephone CHELTENMAY Sepa! 
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ALL IN A DAY... 


Our London premises, like Rome, weren’t built in a day but we can boast a 24-hour 
delivery service of world-famous Cleveland Drills to any part of Britain you care to 
mention. 

As Britain’s largest stockists of these Drills we can offer, in conjunction with our 
Sheffield and Glasgow Associates, a round-the-clock service to manufacturers through- 
out the country. That means no more emergency shut-downs, and no more extensive 
stock-holding, simply let us know your Drill requirements. We will supply you, 
whether you’re buried in Barrow, holed out in Harlech or installed in Inverness. 
All in a day! 

Remember its Barrus for Cleveland Drills, plus quicker service—and its Cleveland 
Drills for higher performance under all production conditions and much |-o-n-g-e-r 


life. 
BARRUS ror service — GLEVELAND ror quauty 
Catalogue C.E. is available on request E P BAR: RUS LTD. 


12-16 BRUNEL ROAD. LONDON, W.3. 


Telephone No.: Shepherds Bush 3425 Telex No. 24119 
Telegrams: Engtools, London, Telex. 


SMAIL-BARRUS ASSOCIATED, 21-23 India Street, Glasgow. C.2. TASKER-BARRUS ASSOCIATED, Bionk Street, Sheffield | 
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Brammer V-Link Belting is built up of detachable and inter-change- 
able links, to form a belt of any required length. 


ic ni el te Sie 


This unique construction eliminates fatigue, the chief cause of failure 
of solid Vee Belts. 

Ease of joining up eliminates costly dismantling of machinery, bearings, 
shafting, etc. when fitted. 





Brammer V-Link Belting in action is a demonstration of Vee Belt 
efficiency. 





For economy, fit Brammer Vee-Link Belting for all your Vee Belt 


Drives. 


Vee-Link Belting 
H. Brammer & Co. Ltd., Hudson Road, Leeds 9, England 


PRESS BRAKES 
and Press Brake Tools 


There are also Bronx Plate Our Press Brake Specialist Engineers are 


Bending Rolls, Guillotine available to discuss your production require 
Shears, Sheet and Plate ments. 


Levelling Machines, . 
etc. Write for Do not hesitate to contact us, no matter how 


catalogue. small or large your problem. 

No matter what make of Press Brake you use, 
our FREE TOOL SERVICE is at your disposal. 
Please send for our explanatory leaflet. 
Large stocks of Tools are held for immediate 
despatch. 




















BRONX ENGINEERING CO. LTD., LYE, WORCS. Telephone : LYE 2307 & 23 8 


LONDON & S. OF ENGLAND AGENTS FOR PRESS BRAKES W. €—. Norton (Machine Tools) Ltd.. Grosvenor Gardens Hous 
Grosvenor Gardens, London, S.W.}. - - - - - TATe Gallery 0633 4 
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With controlled 


speed and 


Ze- 


.| SS SS force of stroke 
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FLUSH 
a MOUNTED 


TPE Schrader Air Cylinders 
make light of heavy work 


Schrader Air Cylinders can be used in many ways to eliminate 
) costly and bulky mechanical movements and to reduce the fatigue 
and monotony of manual movement. They can be operator 
controlled or automatically synchronized with other machine operations 


are ; Piston movement can be regulated both for speed, force of stroke, 

uire- and time of each cycle. Wherever you have operations involving 
lifting, lowering, pushing or pulling, consider the Schrader 

how range of Air Cylinders. The chances are they can take over the 
heavy tasks and help you expand production 

| use, 

osal. 

diate 








a a 
a) 
BOLT = AIR CGYtt NOER $ To: A. SCHRADER'S SON (Div of Scowill Mig Co 
= 629 TYBURN ROAD, ERDINGTON, BIRMINGHAM, 24 
MOUNTED 5 
x TYPE a Please send details of Schrader Air Cylinders 
ro) 
ad NAME 
oa 
= ADDRESS 
ee a 
(238 
lous 
334 
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do you want a value era... or 2 
a headache / 
Time-proven Nickloy valve discs and srntapestiog : 


seats and superior packing are the peace a; ‘y 
protection Hunt & Mitton give you ee 
against the cutting action of high 

pressure steam. 


In every industry, Hunt & Mitton valves are 
handling high temperature, high pressure 
steam, hot water, gases and other fluids, with 
a quiet efficiency that has yet to be challenged. 


insist on 


Cnatity VALVES 


Send your inquiries NOW to 
HUNT & MITTON LTD., OOZELLS STREET NORTH, BIRMINGHAM, I. 


J. F. H. FLOWMETERS 


are the ONLY instruments in the whole world capable to take care of two 
variable parameters—VISCOSITY and DENSITY 











In this way they can measure with 
the greatest accuracy the 
VOLUME and the WEIGHT of all 
liquids: water, hydrocarbons, 


acids, nutriments 
(milk, wine, etc.) 


RM 64-4 (not-automatic) DM 64-4 (automatic) 





Special models for the measurement of GAS flow 


Ets FAURE-HERMAN 


68, rue de |’Est BOULOGNE - sur - SEINE Seine - FRANCE 
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Dependable power 
for 
all purposes 





A proved range of diesels from 
75 to 150 b.h.p. 


Built to meet the exacting conditions in which 
contracting equipment and similar industrial plant 
has to function, A.E.C, Diesel Engines are 
renowned for their power and reliability They 


have been designed for maximum fuel economy 


d 
& 
La 
na 
& 
; 
i 


and for easy maintenance—units requiring routine 


snail 


servicing are easily accessible and many parts are 


interchangeable. 





A.E.C, diesels are providing power for 


EARTH MOVING EQUIPMENT © AIR COMPRESSORS 
MOBILE CRANES © EXCAVATORS 
SCRAPERS & GRADERS © TRACTORS & BULLDOZERS 
OILFIELD EQUIPMENT © PUMPING SETS 
CONTRACTORS’ PLANT * DIESEL TRAINS 
HEAVY-DUTY VEHICLES © DIESEL-ELECTRIC PLANT 
SHIPS’ AUXILIARIES 





A.C.V. SALES LTD., manine & smoustaiar orvision 


A.E.C. WORKS « SOUTHALL « MIDDLESEX 


THE A.C.V. GROUP OF COMPANIES INCLUDES AL 4 AND THE MALTFRILAY MOTOR OO 
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Voltage Fluctuations 





affecting your processes ? 






Consistent supply voltage is essential to industry for 








manufacturing processes and to extend the life of 
important electrical plant. 

B.P.T. automatic voltage regulators eliminate all vari- 
ations in supply voltage, regardless of variations in 


frequeney. load and load power factor. 


28 STANDARD MODELS 


for Industrial Power Supplies. 












AL BRITISH POWER TRANSFORMER CO. LTD. = auick Delivery. 


POWER QUEENSWAY. ENFIELD. MIDDLESEX 
Telephone: HOWard 241 | Telegrams: Vitrohm, Enfield Write now for our List 606. } 





STAINLESS STEEL 
HEAT RESISTING 


ABRASIVE RESISTING 
HEAT & ABRASIVE RESISTING 





CYANIDING POTS 


HIGH SPEED TOOL, DIE 
CASE HARDENING BOXES & SPECIAL ALLOY STEELS 
CAST IRON, BRASS, GUN METAL also STAINLESS STEEL ROAD 
PHOSPHOR BRONZE, ALUMINIUM etc. LINES, STUDS & SIGNS es oh 


HIGHLY ALLOYED STEEL 


CASTINGS 


‘JOFO’ castings are available in 
a wide range of qualities 
From a few ozs up to 10 cwts each 


M.O.S. approved inspection facilities installed 
Routine X-ray control 


Me, fehnson , Kesies Tid 


Head Office: BROADFIELD ROAD 
SHEFFIELD 8 (Sheffield 52431) 
Foundry : Aizlewood Road, Sheffield 
Machine Shops : Broadfield Road, Sheffield 

London Office : Central House, 
Upper Woburn Place, W.C.! 
(EUSton 4086) 

Glasgow Office : 93 Hope Street, C.2. 
(Central 8342/5) 


H. JOHNSON FOSTER LTD. STEELMAKERS & FOUNDERS 


THE ENGINEERS’ 






















DIGEST 







FIRST IN THE FIELD—AND STILL IN THE 






Power House of Tomorrow— 


? 
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“a BUILT WITH 
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« of OF TODAY 
\.D 4 
3 
* 
, Linc OLN ELECTRIC COMPANY LIMITED, the largest manufacturers of D.C. Welding Equipment 
/ in the United Kingdom, proudly announce that they have been privileged to supply a large number 
5 of their SAE 300 amp and SAE 600 amp Motor Generators (to provide current for Class | pressure 
7] vessel welding) to Messrs. John Thompson (Wolverhampton) Limited, who are constructing the 
J pressure vessels at the 275 MW Nuclear Power Station being built by the A.E.1. John Thompson 
zi Nuclear Energy Co. Ltd. for the Central Electricity Generating Board at Berkeley, Gloucestershire 
4 ; . 
i The Lincoln SAE 300 and SAE 600 Motor Generators are powerful motor-driven welders with 
4 self-indicating dual continuous control and a selection of any 
i ; ; . . oN N 4 ( 
q type and size of arc for every job. The self protected motor CHEMICAL AND PETROLEUM 
; 4 4 high ENGINEERING EXHIBITION 
: -rmits sustained operation at a high current. 
| = Pe a 18th—28th June, 1958 
i :' , See the full range of Lincoln Electric Welding 
"4 For full details of the Lincoln Electric range of D.C. Gene- ¥ pole ' —— 
5 A Equipment at Stand No. 2A (Ground Floor) 
: rator units—from the S.A. 150 amp workshop ‘Junior’ to the Grand Hall, Olympia. 
i SAE 900 amp for large Lincolnweld installations please write to 







WELWYN GARDEN CITY HERTS - WELWYN GARDEN 
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An announcement to those concerned with 


corrosion of metal surfaces 


In 1929 the National Physical Laboratory established that Lanolin was by far the best natural film- 
forming anti-corrosive available. At that time Croda had been manufacturing Lanolin for four years 
and was already producing Rust Preventive Oils based on Lanolin. 


Since then enormous advances have been made both in the consumption of anti-corrosives and in the 
variety and complexity of these products. The research and development conducted by Croda has con- 


tributed considerably to this progress. 


The list of Rust Preventive Oils and Coatings and allied preparations produced by Croda’s Organic 
Finishes Division is so large that we propose only to list headings and groups of products : 


Anti-corrosive paints 
Anti-freeze solutions 
Bituminous solutions 
Brake fluids 
Corrosion inhibitors 
Chrome protectives 
Cutting oils 

Coolant soluble oils 
Carton waxes 
Drawing oils 
De-watering oils 
De-icing fluids 
De-greasing fluids 
Emulsion degreasers 
Fingerprint removers 


Greases, special 

Grease paints 

Lanolin solutions 

Metal marking inks 
Penetrating oils 

Plastic coatings 
Paint-tolerant rust preventives 
Rust removers 

Rust preventives, oily 

Rust preventives, grease 
Rust preventives, hard film 
Sheet-steel coating oils 
Soldering flux 

Wash primers 

Weld marking inks 





In addition to this large standard range, the skilled staff of our laboratories is always ready to 
create new preparations for individual requirements. 
Fourteen area representatives and four sales offices in the U.K. are at your service. In the inter- 


national sphere, our associate companies in U.S.A. and Italy and our offices and agents else- 
where, ensure rapid delivery to anywhere in the world. 


The Croda Organisation 


HEAD OFFICE: Croda Ltd., Cowick Hall, Snaith, Goole, Yorkshire, England Tel : Snaith 277 
LONDON OFFICE : Croda Ltd., Grand Buildings, Trafalgar Square, London, W.C.2 Tel : Whitehall 4275 
BIRMINGHAM : L. G. Warren, Local Director, 22 Alderbrook Road, Solihull, Warwickshire. Tel : Solihull 1976 
MANCHESTER : T. C. Jackson, Local Director, Croda Ltd., 74 Corporation Street, Manchester 4 Tel : Blackfriars 8015 
BRADFORD : Croda Ltd., Central Chambers, 2 Cheapside, Bradford Tel : Bradford 22719 
UNITED STATES: Croda Inc., 15 E. 26th Street, New York, N.Y., U.S.A. Tel : Mu 3—3089 


ITALY : Croda Italiana S.r.L., via Lomellina n. 5, MORTARA (Pavia), Italy. Tel : Mortara 4 
CRODA OFFICES AND AGENTS INALL PRINCIPALCITIES IN THE WORLD 
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74 a9' ST EELT " 


BUILD YOUR 
EFFICIENCY WITH 


(QR PRODUCTS 


Integrated experience from over a 
century of craftsmanship has made 
the name of Osborn world famous 
as a hallmark of quality in the 
manufacture of fine steels and steel 
products. 


Products in alloy, stainless and tool 
steels are manufactured through- 
out within the same organisation, 
and ‘include castings by general 
foundry and precision methods, 
forgings and engineers’ cutting 
tools, etc. 


SAMUEL OSBORN & GO., LIMITED 
CLYDE STEEL WORKS, 
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YOURS for the Asking 


LEARN HOW TO:— 
SPECIFY, 

TEST, 

USE, 


SHERARDIZING 




















ZINC ALLOY 
RUST-PROOFING CO. LTD. 


SHAKESPEARE STREET, WOLVERHAMPTON 
TELEPHONE: WOLVERHAMPTON 20647/8/9 
ALSO AT LONDON & ROCHDALE SS TT 

























Town's gas-fired Twenty Strand 
Wire Annealing Furnace for 
bright annealing high nickel 
wire of all gauges 






By kind permission of 
Henry Wiggin & Co. Ltd. 
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GIBBONS BROTHERS LTD 
P.O. BOX 19, DIBDALE 
DUDLEY WORCS 

TELEGRAMS ° “GIBBONS, DUDLEY” 
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TELEPHONI DUDLEY 3141 
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Viaterials sampling stage by stage 






WITH IC LABORATORY EQUIPMENT 


The need for accurate sampling 
»f many bulk materials on belt 
conveyor installations is met by 
the IC Pollock Sampler. Simple, 
robust, and easy to maintain, its 
reliable performance has been 
proved by prolonged power 
station service, and it fully con- 
forms to B.S. limits of accuracy. 
The sampler can be readily 
applied to new or existing belt 
conveyor installations with mini- 
mum alteration to lay-out of 
plant. It is part of an extensive 
range of IC Laboratory Equip- 
ment for sampling, sifting and 


grinding through every stage of 


materials testing. 


See us at Stand 88, 
Mechanical Handling Exhibition 
Earl’s Court, 
7-17th. May. 





The TYLER Sample Reducer 


reduces a large sample fo arepresentative six 
teenth part in only one operation. A 1-tb. sample 


for sieve tests can be obtained from 256 th 
material with only two reductions 
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The RO-TAP Sieve Shaker 


provides a uniform 


fromtestt 


diameter 


It handle 
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Send for full detail 
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London Office 
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The RAYMOND Laboratory Mill 
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Send for this free booklet to The Walpamur 
Co. Ltd., Darwen, Lancs. 


It tells you much 
about the uses of Epoxy Resin Paints in 
engineering and industry and can help you to 


solve your protective and finishing problems. 


ie 


BY APPOINTMENT 
TO HER MAJESTY THE QUEEN MANUFACTURERS OF PAINT 


THE WALPAMUR CO LTD 
DARWEN & LONDON 


Paints, Enamels, Varnishes and Industrial Finishes 


for every conceivable need 
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here today 
gone tomorrow 


SPENCER 


Spencer Pneumatic Elevators are~playing a 
vital part in the speedy turn round of ships in 
ports, unloading grain cargoes at rates up to 
600 tons per hour. 





thanks to 




















SPENICER| 


PNEUMATIC ELEVATORS 


SPENCER (MELKSHAM) LIMITED 
MELKSHAM - WILTSHIRE 


BRANCH OFFICES: 


Ingersoll House - 9 Kingsway - 
Tel: COV. GAR. 1800. 


34 Castle Street - Liverpool 2 - 





London, W.C.2. 


Tel: CENTRAL 3738 
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Lubrication 
lesis 


smooth the flow 
of power 
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| understand Ransome & Maries make a special 
Study of lubrication problems ? 

We do indeed. A bearing’s performance is governed by correct 
lubrication as much as by correct design and materials 

The cage location area is one of vital importance. The lubricant 
must also protect the highly finished surfaces from corrosion and 
help to dissipate any undue heat. To fulfil these requirements, 
we have a team of lubrication specialists at work 


What special lubrication problems do they have to deal with? 
Our Technical Department study each case individually before 
making their recommendations. They may advise on grease for 
horizontal or vertical shafts, with the correct housing design and 
method of packing. If oil is used, the recommendation may 
involve lubrication by oil splash, a controlled oil level, drip feed 
or wick feed, and so on, All the time, of course, the various 
oil companies are developing new lubricants and these we subject 
to stringent tests before we recommend them for any application 


ane, What about lubrication at ultra-high speeds? 

rf Research into this is continuous. Operating speeds, loads and 
temperatures are steadily rising and every week brings fresh problems 
for solution, Aircraft and guided missiles are the obvious dul by ne 




























RANSOME & MARLES (~: 
BEARING CO. LTD. 





Newark-on-Trent England means the only instances. Speaking generally we recommend 
Telephone Newark 456 lubrication by oil flood or vapour mis! for the very highes! speeds 
Telex 37-306 We have built up extensive data on this and allied problems. If you 


get in touch with our Technical Department they'll be only too glad 
to talk lubrication with you 
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...aS sound as a Gloucester casting 


Wo 


** As sound as a Gloucester Malleable casting’ 1s no mere phrase. 

It is the result of a wealth of traditional skill and technical knowledge at 
every stage of production. Raw materials, melting and pouring processes, 
sand practice, moulding and core making, fettling and setting, all are 
exactly controlled to ensure castings that will measure up to to-day’s 
exact engineering needs. 

They are also accurately set under modern presses, using dies made 

to the limits required, to ensure that castings can be machined 

without costly delays. 

Always consult Gloucester at the designing stage — even before 






Differential Cage wr 
Malleable Iron. Weight 8\ Ibs. 


A typical Gloucester Malleable specification. 











Gloucester Gloucester Lamellar Vehicle § Bo 

Blackheart Malleable Pearlitic Malleable eee Sree en 

- in Malleable Iron. Weight 6} |b 
Elongation ‘ 18% Elongation 5% 
Yield Point . 12 tons Yield Point . 24 tons 
Tensile Strength 25 tons psi Tensile Strength 35 tons psi 
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THE HOME OF ff 
f tz 
GOOD CASTINGS 


Gloucester Foundry Ltd., Emlyn Works, Gloucester Telephone : Gloucester 23041 + Telegrams: ‘ Pulleys’ Gloucester 
(A subsidiary of the Gloucester Railway Carriage & Wagon Co. Ltd 
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universal power plant 


4s} 








Variable Frequency Variable Voltage motor Alternator 
Set. Control Panel illustration shows Electronic Servo 
Regulator withdrawn for inspection 


Input 400 volts 50 cycles 3 phose 
Output 10 kVA single phose 
Voltage range 100/250 controlled 3 
Frequency range 65/25 cycles stabilized electronically withir 
+ 0.5%, of set value 








ELECTRO-DYNAMIC 


ST MARY CRAY KENT 


TELEPHONE ORPINGTON 2755! 
GRAMS ELEDAMIC ST MARY CRAY 


Control Gear Divisior 
BRIDGWATER SOMERSET Tel Bridgwater 2882 


Glasgow Office 
40 HOULDS WORTH ST C3 
el Central 2620 
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CONSTRUCTION CO LTD | 


) An “Electro-Dynamic” Power 


Plant has been installed for 
Powers-Samas Accounting 


Machines Ltd., to provide the wide 


range of voltages and frequencies 
required to produce those 
obtained in any part of the world 
to which their machines may 

be supplied; E,D.C.C. supply all 
types of test equipment, including 
Dynamometers and Automatic 
Control Gear for all applications. 
E.D.C.C. Technical Staff are 
always available for Consultation 
on customers’ special problems. 

































Direct reading to 0.00005 in. 
on projection screen 





Horizontal Measuring Machine are FIELD OF VIEW 
read in large clear figures from a 33 in. 
wide screen. Reading is simplified, 
setting more accurate, eyestrain elimin- 
ated. Ideal for use in Testing and 
Standards Rooms and for routine 
measuring of all types of internal and 
external work. Any number of measure- 
ments over a four inch range can be 
made with one standard setting. Capac- 
ities: Internal ¥% to 10 ins., External 0 


4 actual size 


| 
| 
| 
All measurements with the Microptic z ALUN : us 
L 


HU 
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to 134 ins. Metric reading model avail- 
able. Length 35 ins.; height 22 ins.; 
width 14 ins. 





DUNUOULYOUOUANAOULLYER LAST 


Write for list ED/105 E Itt 
HILGER & WATTS LTD. 98 ST. PANCRAS WAY, LONDON, N.W.1. Tel: GULliver 5636 


Makers of precision optical instruments for analysis, measurement and inspection. Member of the Export Marketing Company—BESTEC 
Hwitos 














CYLINDRICAL 
GRINDING 


MG 12 


. (Sin. “ i2in. | MACHINE TOOLS 


NO OTHER LOW COST 
MACHINE IN THE WORLD 
HAS THESE ADVANTAGES 


@ REPETITIVE ACCURACY TO WITHIN .0001 in. 
@ SURFACE FINISHING DOWN TO 3 MICRO-INCHES 
@ CARTRIDGE TYPE NITRALLOY WHEELSPINDLE 


@ AUTOMATIC OIL CIRCULATION TO WHEEL- 
SPINDLE 


@ HARDENED AND THREAD GROUND FEEDSCREW 
@ ‘DEAD’ OR ‘LIVE’ WORKHEAD 





Work Speeds (12) 75-780 r.p.m. @ PLUG-IN FACILITY FOR SWIVELLING WORKHEAD 
sats INTERNAL GRINDING, RADIUS AND ANGULAR 
Grinding Wheel ' ® WHEEL DRESSING. 
10in. dia. by | in. face. oes 
Wheelhead Motor |} h.p. MY FORD ENG. Co. LTD. NOTTINGHAM. 
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Keep up-to-date with this new range of 
Teddington pneumatic gauging equipment 


Backed by the considerable experience of two world famous 
organisations -Teddington in automatic controls and Moore 
Products of Philadelphia in pneumatic gauges — this highly 


advanced range of pneumatic gauging equipment covers all 





manual and automatic gauging requirements including 
automatic machine control. i 


Accuracy, speed, simple operation and robust reliability are 








typical of the outstanding advantages of this equipment. 4 

ee cee ce ce ee ee ee oe 3 

| ‘ 

Manual Single and multiple gauging of diameters, The principles of operation, comprehensive details of i 

taper. thickness, straightness and other dimensions | Teddington equipment, and information about i 

Automatic High speed multi-dimensional gauging with | manual and automatic systems is contained H 

automatic segregation of work and feed-back signals for es a 

in the new Teddington Air Gauging manual 3 

machine control 4 
; Te rite ( 

Machine Control “In process” or post process | No. PG 16. Write now for your copy : 

S 4 

gauging with 5 stage feed-back signalling — ——e ; 

; 

: 


Teddinglon Pneumatic Gauging 


TEDDINGTON INDUSTRIAL EQUIPMENT LTD . SUNBURY-ON-THAMES . MIDDLESEX 
Telephone: Sunbury-on-Thames 600 (9 lines). 






















Down Won the farm... 


... they are cultivating Efficiency with modern machinery. 
This embodies seamless steel tubing, tubular assemblies, 
and manipulations by REYNOLDS. Your industry, 

too, can reap benefits by the use of this versatile material. 
Glean future information by writing to Reynolds today. 


SOA CT oo 1 utd Sl A 


REYNOLDS TUBE CO LTD TYSELEY BIRMINGHAM 11 © 
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Revolutions pern minute or revolutions ais r 
annum ? There you have the vital difference,“ 
between osdinary electric’ TPE / and o 


re 
those made by EPE. Thousands of EPE ¥ 
electric motors are running at the Ys of ~ 
over 1000, 000,090 revs. a year—unfailingly 


—year in, year out! ! Unusual ? Not a bit. 
EPE electric motor users take this sort’ of 
service for granted. Ne xt time you're 
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/ buying electric motors remember it|pays 
| to specify EPE—to be sure. / | 
ELECTRICAL POWER ENGINEERING CO. (B’HAM) LTD 


421 GRAND BUILDINGS TRAFALGAR $Q LONDON 


Phone Whiuehall $64) & 796) 





LONDON OFFICE 
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i INDUSTRIAL TYPE DISTRIBUTION GEAR 

‘ Teo 200 amps 3 3&V and 800 amps 600 volts 

a ©\HORIZONTAL DRAW-OUT TRUCK SWITCHGEAR 
i a To 800 amps 250 MVA I1kY and 4500 amps LT 

| SECTIONALISED 

3 SWITCHGEAR 

- For LT. distribution 

E FYCONTACTOR GEAR 

B AC AND DC 


re 18/1000 amp capacities 
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More accurate 
than human skill 
ee .. 
SK Hydraulic Control of motion 


Paradoxically, the product of human skill is more accurate than human skill itself. This 
is"particularly so in the case of Savery Hydraulic Pumps. Countless thousands of 
Savery Pumps are in use throughout the world working with precision that neither human skill 
nor other means can match. Next time you’re considering control of 
motion remember Savery Hydraulic Pumps first. 





Savery Pumps can be supplied with fixed or variable delivery. 


FOR FURTHER DETAILS OF 


SAVERY HYDRAULIC PUMPS 


WRITE TO 


THOMAS SAVERY PUMPS LIMITED 


BRACEBRIDGE STREET + BIRMINGHAM 6 ~+ TEL: ASTon Cross 1316-7 
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He reads it easily 


A clear record of the last two shifts— 
and the pen already beginning its course 
on the next chart. In his hand he has the 
past: on the panel is the present. 


Arkon Recorders measure gas and air 
flow, pressure or vacuum, or pressure 
and vacuum: flows in one inch pipe or 
three foot mains, pressure or vacuum 
from 0.1 inches water gauge to 30 Ib. per 
square inch. They give a clear unmistak- 


able record which you can read like a 
book, without hesitation and without 
mistakes. You can leave the chart on 
for a few hours, a day, or a week—the 
record will always be there. Easily read, 
easy to look after, robust enough to 
stand on the job, Arkon Instruments 
can help the control of any process—and 
their accuracy will satisfy even the men 
in the lab. 


More about them in pamphiet AB 24 


CROSWELLER & CO. 


L.7®., 


Telephone:CHELTENHAM 56317 
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CHELTENHAM 





NEWCASTLE-ON-TYNE 


As members of a community, we 
Mone another. 


are 

Our whole organisation 

is based on this simple fact. 

The renowned M & C Sales and 
Technical service is our contribution 


to the urgent day-to-day needs 
of British Industry. 
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Wiustrotions: Bridge Reamer and 
~ Structural Drill superimposed. 
on @ Photograph taken during the 
“erection of the Melting Shop at 
the Lackenby Steelworks 

of Dorman, Long & Co. Ltd. 


oer 


LONDON 


BIRMINGHAM 





_BRITAIN’S FOREMOST DISTRIBUTORS 





SM/MC 2863 
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A MANUAL OF TIME AND MOTION 
STUDY 

By John W. Hendry, F.R.Econ.S., F.C.1.M., etc. Sth 
Edition. A practical guide to the measurement of 
human endeavour in industry and to the develop- 
ment of productive efficiency. This new edition 
forms an up-to-date summary of current practice in 
the subject. 21/- net. 


FLUID PRESSURE MECHANISMS 

By H. G. Conway, M.A., M.I.Mech.E., etc. A new 
second edition of a comprehensive work which 
deals with the mechanism of fluid pressure equip 
ment and systems, i.e. hydraulic and pneumatic 
machinery. It describes the essential principle of 
the various devices, how they work and differ from 
each other. 326 net. 


FREQUENCY MODULATION 

By A. W. Keen, M.1.R.E., etc. The first book of its 
kind to provide a compact but comprehensive 
description of the technicalities of the transmitting 
and receiving sides of f.m. broadcasting technique 
30 — net. 


TECHNICAL BOOKS 


HYDRAULICS AND FLUID MECHANICS 
By E. H. Lewitt, B.Sc., Ph.D., etc. 10th Edition. A 
new edition of this recognised standard work 
Covers the syllabuses of the B.Sc. (Eng.) and the 
professional examinations in this subject. Pitmar 

" Engineering Degree '’ Series. 37 6 net 


ELECTRIC LIFTS 

By R.S Phillips, MAE.E 4th Edition. A new and 
up-to-date edition. It forms a complete manual or 
the current practice in the design, installatior 
working, and maintenance of lifts. 63 net 


TELECOMMUNICATIONS PRINCIPLES 
(IN M.K.S. UNITS) 

By R. N. Renton, C.G.1LA 
This new edition 
system, contains 


MIE 2nd Editi 

based entirely on the — K ‘ 
all the basic essential details « 
electricity and magnetism that every student 
telephony, telegraphy or radio (inc uding tele 
vision) needs to know. Covers the syllabus for the 
C. and G. exam in Telecommunications Pring ples 
Grades |. Nand itl. 458 ~ net 


PARKER STREET, KINGSWAY, LONDON, W.C.2. 
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There may be differing opinions about lipstick, 
but there is no doubt that for women it is the finishing touch, 
to be selected with care and applied with precision. 
Engineering products are far removed from lipstick, 
but manufacturers cannot afford to ignore those finishing touches 
which promote eye appeal. REpcAPSs, besides providing complete protection 


are also enhancing a wide range of products. 


USE repcaps ON:- 

MACHINED COMPONENTS OF EVERY DESCRIPTION 
CARBURETTORS + COUPLINGS + CONTROL 
EQUIPMENT e¢ FILTERS «+ FUEL INJECTION 
COMPONENTS « HYDRAULIC CYLINDERS & 
COMPONENTS « PUMPS « PRESSURE GAUGES & 
INSTRUMENTS * PNEUMATIC TOOLS «+ PIPES- 
BENDS - ADAPTORS «+ REFRIGERATION UNITS 
ROTARY UNIONS «+ SCREW & PLUG GAUGES 

SERVO EQUIPMENT « VALVES, ETC., ETC. 


al 


SAMPLE REDCAPS SENT ON REQUEST 
State American or B.S.P. threads 
or non-thread taper type. 


SUPER OIL SEALS & GASKETS LIMITED : CENTRE, BIRMINGHAM, 30 
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@ VACUUM MELTING BY MEANS 
OF AN ELECTRON BEAM 
A vacuum melting process 
employing an electron beam has 
been developed and is being used 
to melt and cast refractory metals 


A QUICK GLANCE AT THE LATEST 
TECHNICAL DEVELOPMENTS 
THROUGHOUT 


THE WORLD 





with high melting points, such as 
titanium, zirconium, tantalum, molybdenum, 
and columbium. It is expected that this new 
process will stimulate the use of special metals, 
because it will make commercial quantities of 
high-purity materials available at a lower cost 
than has hitherto been possible, and that it will 
permit the recycling of scrap, the reiatively high 
cost of many of the materials involved making 
this an important factor. With this method, 
high-purity materials are produced by volatiliz- 
ing and removing certain critical impurities, the 
heat for melting being supplied by an electron 
gun serving as the cathode and emitting high- 
speed electrons which impinge upon the melt 
stock (the anode). Molten metal drops into a 
water-cooled copper crucible in which the heat 
required to maintain a molten pool is also pro- 
vided by electron bombardment. The molten 
pool surface is kept at a constant level as the 
solidified ingot is withdrawn downwards. The 
Thus, 


process should offer several advantages. 
operations can be started and stopped at any 
time, and the material being melted can be in 
any form, such as ingot, powder, flake, or 


sponge. The process requires high vacuum in 
the range of 0-01 to 0-1 micron. Carbon, 
hydrogen, and oxygen are generally removed 
rapidly as carbon monoxide, metal oxides, or 
similar compounds. As a rule, impurities which 
form compounds having a pressure of at least 
10°° atm at the surface of the melt can be re- 
moved easily. It is stated that the process can 
also be used for zone refining, and that there 
is NO apparent limitation with regard to the 
diameter of the bar or ingot that can be pro- 
cessed. 


@ DIRECT GENERATION OF ELECTRICITY BY 

NUCLEAR FISSION 

It is not unlikely that present-day methods of 
power generation from nuclear fission by means 
of a steam power cycle will eventually be super- 
seded by a much simpler direct method. In this 
connection, it is significant to note that a pro- 
posal for the conversion of at least part of the 
fission energy into high-voltage power was made 
is early as 1945. Information relating to this 
proposal was not, however, divulged until 
recently in a patent specification giving the basic 
features of the process. The specification ex- 
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plains that some 7-5 or possibly 10°, of the 
power developed in a nuclear reactor is in the 
form of beta rays. In the design described the 
fissionable bodies, suitably spaced and of suit- 
able length, and in the form of wires or thin 
cylindrical rods, are surrounded by cylindrical 
beta-ray collectors of a suitable electrically 
conductive material with low neutron-absorp- 
tion cross-section, such as aluminium, beryllium, 
carbon, lead, or bismuth. To ensure optimum 
electrical insulation of the cylinders from the 
fuel rods, the assembly can be evacuated to a 
high vacuum, or insulating material, such as 
quartz, mica, glass, or polystyrene, may be 
interposed between the fuel rods and the cy- 
linders. Assuming that a 2-MeV beta ray or 
electron is emitted by uranium as the result of 
fission, a certain portion of this energy will be 
lost in ionization of the uranium metal, and 
further ionization losses will occur in the col- 
lector electrode. The remaining energy will be 
available to overcome the potential difference 
which will exist between the uranium and the 
inner wall surface of the collector electrode, 
owing to collection of negative beta-ray charges 
on the latter. This potential difference represents 
the usable voltage that can be tapped off the 
reactor as a source of high-voltage power. As 
an example, assuming that a 2-MeV beta ray 1s 
emitted inside a uranium rod, it is calculated 
that a useful voltage of 500,000 MeV will be 
available between the terminals. This could be 
utilized, for example, in mass spectrographs, or 
for uses in which the Van de Graaff generator is 
employed. 


@ NEW QUENCH FOR MEDIUM-CARBON 

STEELS 

Problems relating to the quenching of 
medium-carbon steel parts have been encoun- 
tered for many years. Thus, objects which 
harden adequately in water are amt to crack 
similarly, when oil is used instead, cracking is 
climinated, but the hardening response also 
drops. In other words, water cools the parts too 
rapidly, while oil cools them too slowly, so that a 
quenching medium with a cooling rate between 
that of water and oil has been needed. It is re 
ported that this requirement is now partly met 
by a new quenching medium consisting of 5 to 
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the battlefields of France. Hissword, 
his armour and his shield are 


““ONCE MORE 


insubstantial shadows in the mists 
of history. The days of hauberk, 


gauntlet and lance have gone 


UNTO THE BREACH 


forever and the dreams for which DEAR FRIENDS, 
men fought and died are forgotten. 
There are still battles to be won, 
but not on the bloody fields of ONCE MORE” 
Crecy, Agincourt, or Flanders, or 
with the clumsy impedimenta of 
war. The time is the present 

and the struggle is for power: 
power for industry, and at 
Dounreay the United Kingdom 
Atomic Energy Authority are 
developing the means to produce 
more and cheaper power for all. 
Here no less than 3% Crossley 
diesel engines, with a total output 
of more than 8,200 b.h.p. will 
provide power for essential duties 


at the station. Other nuclear 














power stations, like Bradwell, 
Berkeley, Calder Hall ‘‘A’”’ and 
‘*B”’ and Chapel Cross depend on 
Crossley diesel engines for 
standby power. 

To Henry all this would seem 
miraculous and far removed from 
his medieval England, yet we can 
adapt his words to the present. 
Today, wherever power for industry 
is needed, the breach can be filled 
with Crossley diesel engines, 


the most dependable in the world. 


CROSSLEY { DIESEL ENGINES 


CROSSLEY BROTHERS LIMITED - OPENSHAW : MANCHESTER 11 
C428 


A65 THE ENGINEERS’ DIGEST 





30 parts by weight of polyvinyl alcohol in 
10,000 parts of water. This medium, which will 
reduce the quenching rate enough to eliminate 
cracks in most instances, has a quenching action 
which is stated to be somewhat unusual. As the 
austenitized part enters the solution, the familiar 
vapour envelope is formed, but a viscous gel 
also appears around this envelope, and the part 
therefore stays hot much longer than it does 
when quenched in water. Cooling-rate deter- 
minations have shown that quenching is slowed 
down appreciably by the gel. This insulating 
envelope then collapses, and the parts cool 
rapidly, contact with the liquid occurring in the 
last quenching stage. The gel forms again, and 
redissolves when cooling is completed. A thin 
vinyl film, which, however, retards rusting, 
remains. This quenchant is non-inflammable 
when diluted, and no indications of any skin 
troubles have been observed from its use. At 
present, no particular theory has been estab- 
lished for the peculiar quenching effect, but, 
whatever the actual mechanism of the method, 
no doubt exists regarding its effectiveness in 
practice. 


@ NUCLEAR REACTOR FOR PRODUCTION OF 

SUPERHEATED STEAM 

In one well-known type of nuclear reactor, 
pressurized water, either light or heavy, is used 
as a coolant. This type of reactor has various 
forms, such as an aqueous homogeneous reactor 
in which the fuel is dissolved as uranyl sulphate 
in water. In another type, solid-fuel elements are 
used, through which the water is pumped to 
cool them or in which the water boils. There is 
also a type which has fuel elements which are 
graphite-moderated and water-cooled. A com- 
mon characteristic of these reactors is that the 
operating temperature of the water is limited to 


something less than the critical temperature of 


water, because of the physical properties of the 
latter. As a result, when using these reactors 
for power generation, all the power cycles in- 
volve the use of low-temperature saturated 
steam, so that the power generated from these 
steam cycles is obtained at a low thermal effi- 
ciency, compared with conventional fuel-fired 
plants using superheated steam. The employ- 
ment of a separately fired superheater to raise 
steam temperature is, of course, possible, but 
increases complexity of the plant. A _ recent 
patent describes a reactor which consumes 
nuclear fuel in a thermal-type self-sustaining 
fission reaction zone, simultaneously emitting 
heat and neutrons for converting fertile material 
to fissile fuel and at the same time superheating 
steam from the heat emitted in the fertile 
material conversion. Preferably, the saturated 
Steam is generated by the heat emitted in the 
fuel-consuming zone. Heat may also be trans- 
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ported from the conversion zone by means of a 
heat-carrier medium to a remote heat-transfer 
zone, where superheating of the steam is effected 
Heat may also be transmitted by means of a 
heat-carrier medium to a remote heat-transfer 
zone for the purpose of steam generation 


@ PROCESS FOR THE DEGASIFICATION OF 

MOLTEN STEEL 

In order to obtain a steel of low gas content, 
melting is carried out in vacuum furnaces, so 
that, from the initiation of melting, harmful 
gases are absorbed from the molten bath. These 
furnaces are generally of the electric type, but it 
iS pointed out in a recent patent specification that 
it is not yet possible to construct electrically 
operated steel melting furnaces for use as 
high-capacity vacuum furnaces. In any case, the 
high production cost of a steel melted in this 
manner would be undesirable from an economic 
point of view. It is therefore proposed to carry 
out the melting process without a vacuum and 
subsequently submit the molten steel to a 
specially developed degasification process, which 
is claimed to be superior to known processes 
With the new method, the molten steel is heated 
to a higher temperature than required for cast- 
ing, and is then introduced into a vacuum 
chamber through an inlet at the top of the 
chamber, whence it falls freely through the 
chamber, dividing up into individual droplets of 
10 to 0-001 mm diameter, the desired droplet size 
being obtained by appropriate adjustment of the 
vacuum prevailing in the chamber (30 mm to 
0-1 mm Hg). Provision is also made for control- 
ling the rate of feed into the vacuum chamber 
The ferrostatic pressure of the liquid column of 
the metal stream above the inlet to the vacuum 
chamber is maintained at not less then 300 mm 
A droplet size of 10 mm diameter must not be 
exceeded ; otherwise, the diffusion of the gases 
is greatly impeded. On the other hand, the drop 
let size must not be less than 0-001 mm in dia 
meter, because the surface tension would become 
sO great as to render impossible any practically 
effective dissipation of the gases 


@ NEW HEAT-TREATMENT PROCESS FOR STEER! 

BILLETS AND BARS 

A new-heat treatment process has been pro 
posed for steel billets, bars, etc. in cases where it 
iS important to maintain low cooling speeds or 
to hold for a comparatively long time at certain 
temperatures Typical examples are soft 
annealing, homogenizing, or annealing at tem 
peratures ranging periodically below and above 
the A point. The process consists of heating the 
elongated steel pieces for a very short time 
preferably 20 to 80 sec, to a temperature in the 
range between 500 and 1200 °C by passing an 
electric current through the length of the steel 
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piece. After heating, the pieces are introduced 
immediately into a heat-treatment furnace, 
where they are then subjected to the specified 
heat treatment. Steels which are difficult to deal 
with as regards solubility of structural com- 
ponents may be brought by the electrical heating 
process to a temperature of over 1000°C for a 
very short time and are subsequently quenched 
to a temperature of 650°C or less. With this 
method, it is not necessary to bring the mass of 
an entire charge to heat-treatment temperature 
from the outside and then to wait until the pieces 
in the interior of the bundle have been brought 
to the desired temperature over their entire cross- 
section. It is claimed that in this way the main- 
tenance of a distinct heat-treatment temperature 
and of a holding period no longer plays an im- 
portant part. It is also claimed that a very fine- 
grained structure is obtained, with an increased 
solubility of structural components which nor- 
mally are not at all soluble or soluble only with 
great difficulty. 


@ METHOD OF IMPROVING THE MECHANICAL 
PROPERTIES OF CRYSTALLINE MATERIALS 
The actual values of the mechanical proper- 

ties, such as tensile strength and elastic limit, of 

available materials are very much lower than 
their theoretical properties. For example, the 
theoretical elastic limit for iron is of the order of 

300,000 psi, assuming 1-5% elastic strain, 

whereas actually iron in the form of single 

crystals has an elastic limit of only 6000 psi for 
about 0-03°% elastic strain. The relatively low 
values of the mechanical properties of conven- 
tional materials are for the greater part caused 
by inherent defects in the crystal structure of 
these materials, such as dislocations. If, there- 
fore, a material could be made without these 
imperfections, or at least with a minimum 
number of such imperfections, it should exhibit 
much improved mechanical properties. In this 
connection, it is now reported that a recently 
patented process eliminates all or nearly all such 
structural defects and thus makes it possible to 
produce materials with mechanical properties 
closely approaching their theoretical values. The 
process is based on the discovery that a nearly 
perfect crystal structure can be produced by 
controlling certain factors during crystallization, 
and this is achieved by depositing near-perfect 
crystals from the vapour phase on the surface of 

a Suitable substrate composed of a material with 

a surface “screw dislocation’ capable of 

causing the initiation of crystal growth. Further- 

more, if the substrate surface presents one or 
more emergent screw dislocations, and the 

supersaturation of the vapour is maintained at a 

value less than that necessary to cause crystal 

growth by two-dimensional nucleation, a rod- 
like crystal of substantial length, with only one 
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axially disposed defect, can be produced. High- 
strength, near-perfect crystals of cadmium, zinc, 
silver, and cadmium sulphide have already been 
produced by means of this process. Because of 
their extraordinary mechanical properties, near- 
perfect crystals can be used to advantage as 
structural elements, e.g., springs and strain- 
gauge elements. The smaller crystals may also 


be used as “ seed ”’ crystals for growing larger 
crystals from a melt by electrolysis. 


@ IMPROVED METHOD OF COLD-.FORGING 

HOLLOW ARTICLES 

Various methods of forming cylindrical 
cavities by cold-working sections of steel or 
metal bars are known. Thus, one method consists 
of placing the work in a die, with the internal 
walls of the die closely surrounding the work and 
exposing only the top. A punch is then made to 
penetrate from the top into the work. Since the 
work completely fills the die, the material is 
forced by the punch to flow upwards within the 
gap between the walls of the die and the punch 
This process, however, naturally requires the 
application of very high pressure. Another 
method of cold-forming cavities with the help 
of a punch consists of forming the external 
surfaces of the work in a suitably shaped die at 
the same time as the internal cavity is produced, 
the metal being displaced laterally against the 
walls of the die. The pressure required to force 
the punch into the cold material is thus very 
much lower than in the other process, but a 
disadvantage is that the external surface of the 
finished work is not very accurate. These diffi- 
culties are stated to have been overcome by a 
recently patented process which proposes an 
improved method of cold forging with the use 
of a punch driven into the blank, which has 
been placed in a die cavity shaped in conformity 
with the external shape to be produced. The 
die cavity, the blank, and the punch are suitably 
dimensioned to produce substantially lateral dis- 
placement of the material, this lateral displace- 
ment being performed without crushing down 
the material. Immediately following the punching 
operation the work is subjected to compression, 
while the punch is still inside the blank, and it is 
claimed that this subsequent application of pres 
sure produces sharply defined external outlines 
and thereby eliminates the need for subsequent 
machining. 


@ MANUFACTURE OF SEAMLESS TUBING BY 

VAPOUR DEPOSITION 

Seamless tubing of many metals can, amongst 
other methods, be produced by extruding a hot 
billet of the metal into a hollow pipe, which is 
subsequently drawn to the desired tube dimen- 
sions. There are some metals which cannot be 
drawn into tubing, and there are others which 
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can be drawn only with the greatest difficulty. 
Chromium and molybdenum, for instance, 
might be drawn with difficulty, but the tubing 
produced would be extremely brittle and highly 
stressed. It would also be difficult to keep the 
tubing symmetrical and of constant wall thick- 
ness during the drawing operation, while lubri- 
cation of the dies for drawing these metals also 
presents a serious problem. Silicon, boron, 
tungsten, and rhenium cannot be drawn in the 
form of seamless tubing by any of the conven- 
tional methods at present available. A recently 
patented process describes a method by which 
seamless tubing of molybdenum, chromium, 
silicon, boron, tungsten, and rhenium can be 
produced by vapour deposition of these metals 
from vapours of their halides. Deposition is 
effected on a heated elongated support, and this 
support is subsequently dissolved in a suitable 
solvent. Molybdenum, for instance, can be 
deposited on a support of iron or nickel, and 
hydrochloric acid or hot dilute sulphuric acid 
is then used to dissolve the iron or nickel. The 
main requirements of the support are that it 
does not melt below the temperature of the 
deposition process, i.e., approximately 1000°C, 
and that it can be dissolved in a solvent which 
will not attack the deposited metal. It is claimed 
that not only does this method produce seamless 
tubing of constant wall thickness and improved 
radial or axial strength, but also that the tubing 
is free from surface inclusions and dissolved 
gases, while its crystals or grains are not dis- 
torted in a longitudinal direction. 


@ IMPROVED METHOD OF FUSION WELDING 


A recent patent specification describes an 
improved method of fusion welding by means 
of a gas-shielded electric arc. In gas-shielded 
electric-arc welding no flux is normally used, so 
that, when this method is applied to a metal 
which normally possesses a refractory oxide 
skin, e.g., aluminium or aluminium bronze, it ts 
frequently found that, while the metal below 
the surface skin will melt during welding, the 
oxide skin will remain unbroken. Such a skin 
will interfere with the formation of a satisfactory 
weld, and it is the object of the new method to 
avoid this shortcoming by subjecting the weld 
metal in the welding zone to vibrations during 
the welding process proper and also during the 
subsequent cooling of the molten weld metal. 
The effect of the vibrations is to disrupt and 
disperse the oxide films on the surfaces of the 
metals to be welded and thus to permit the 
formation of good welds by metal-to-metal 
fusion. It is stated that, in addition, the vibra- 
tions act in such a way as to fragment the metal 
dendrites during solidification and also to assist 
the removal of gas from the metal. Furthermore, 
an improved weld metal is produced, with a 
MAY. 


1958 Volume 19, No. 5 


refined grain size and less porosity. It has been 
found in practice that vibrating the weld metal 
at a frequency of 50 cps greatly improves the 
quality of welds produced, as compared with 
those produced with the same welding equip- 
ment without the use of such vibrations. At this 
frequency the amplitude of vibration of the weld 
region should be less than 2 mm. The frequency 
used can, however, lie within the range of 47 to 
25,000 cps, though, with increasing frequency, 
it IS necessary to use a smaller amplitude, on 
account of the increasing acceleration produced 


@ HEAT-RESISTANT REINFORCED-PLASTIC 

DIES 

A new class of heat-resistant epoxy resins 
reinforced with metal and glass fibres has been 
developed for plastic tooling. It is claimed that 
these reinforced plastics extend the use of 
plastic tooling compounds, at present limited to 
prototype and low-production metai forming 
dies, to medium-run metal forming dies. Three 
types of composition have been developed to 
date, the first of these being an epoxy resin 
reinforced with steel fibres. Castings made of 
this composition are surfaced with an epoxy 
steel-fibre-flocked coat, and it is reported that 
the metal fibres flocked on the surface impart 
good abrasion resistance to the die surface, 
eliminate resin damage, and provide a coating 
of high strength. The presence of the steel-fibre 
reinforcement can be utilized to make the dies 
magnetic for ease of handling. Moreover, it is 
claimed that the use of metal fibres as a rein 
forcing material reduces the problems of shrink- 
age and brittleness encountered with most heat 
resistant epoxy resins ; it also reduces galling of 
the surface and extends the maximum con 
tinuous Operating temperature of the epoxy to at 
least 350° F. The second type developed is an 
epoxy resin reinforced with glass fibres, the 
castings again being surfaced with an epoxy 
steel-fibre face coat. The third type is an epoxy 
resin reinforced with aluminium fibres, the cast 
ings in this case being surfaced with an epoxy 
aluminium-fibre-flocked face coat. This com 
position is designed for tooling applications 
other than metal forming dies requiring high 
thermal conductivity, such as low-pressure 
heated matched moulds and green-sand foundry 
patterns. A casting pressure of 200 to 309 psi is 
recommended for steel-fibre-reinforced com 
positions and 50 to 100 psi for glass-fibre-rein 
forced compositions. The fibre content approxi 
mates 55 to 60° by weight for steel, 45 to 50°, 
for aluminium, and 50°, for glass. 


For further information on developments 
reviewed in THE BLUE PAGES, readers 
are invited to write to the Editor. 
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Properties and Applications of Urethane Rubbers 


By R. H. KITTNeR. 


URETHANE rubber is a tough, synthetic elastomer which 
has properties commonly associated with conventional 
rubber. In terms of functional properties, however, 
urethane rubber is quite different from conventional 
rubber materials, because its molecular structure can be 
arranged to combine certain desirable properties in the 
end product. In contrast, compounding or additives are 
generally required to modify the basic properties of other 
rubber materials. 


PROPERTIES OF URETHANE RUBBERS 


Urethane rubber has excellent elongation, high tensile 
and tear strengths, and high resistance to abrasion and 
oxidation. Soft grades of these elastomers may be pro- 
duced with extremely high strength, but with the added 
feature of high abrasion resistance. Harder grades 
provide a structural and engineering material which 
combines high hardness and elasticity with other desirable 
properties. 

All rubber materials have the same basic properties, 
but in varying degrees. However, it is the ability to com- 
bine certain properties, such as toughness and resilience 
at high hardness, that distinguishes urethane rubber 
With urethanes it is not necessary to choose between 
hardness and elasticity. Urethane rubber can be made 
in formulations which are extremely hard and abrasion- 
resistant, without relinquishing elasticity, resilience, or 
shock-absorbing properties. Its hardness ranges from 60 
to 95 Shore durometer (A scale), but tensile strength re- 
mains between 5500 and 7000 psi and elongation from 
600 to 800°,,. In addition, urethane rubber shows excel- 
lent resistance to standard rubber solvents and complete 
resistance to ozone. 

One of the more significant characteristics of urethane 
rubber is that tear strength and abrasion resistance in- 
crease in almost direct proportion to hardness. Thus, one 
formulation of urethane rubber, Vulkollan 18, with a 
hardness of 78 to 83 durometer (A scale) and a tear 
strength of 450 to 525 Ib/in., exhibits extremely high wear 
resistance. 

In rubber compounding, materials such as waxes, 
plasticizers, fillers, and reinforcing agents are usually 
blended into the rubber to modify basic characteristics of 
the material. In urethane rubber, the molecular structure 
of the material itself is modified, imparting uniformity 
to the end product and making precise quality control 
possible. 

Cast urethane rubber items can be produced with a 
hardness of 80 to 95 durometer (A scale), without inert 
fillers or fabric lamination. These hard, high-load 
rubbers still retain the elasticity and vibration-damping 
characteristics of unfilled natural or synthetic stocks in 
the 50 to 60 durometer range 

Normal urethane rubbers have a very high coefficient 
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of friction and are useful for all types of friction-drive 
assemblies. It is usually necessary to redesign standard 
friction drives for urethane rubber, however, because 
little pressure is required between driving members to 
transmit power without slippage. This redesign also 
reduces heat build-up caused by constant flexing. Power 
drives from one-half to one-third the size of standard 
rubber drives with equivalent power transmission rating 
are possible with urethane rubber. By special compound 
ing, however, urethane rubber can be made self-lubricat 
ing for bearing applications 

In addition to its excellent long-term wear resistance 
urethane rubber maintains a high degree of dimensional 
stability, because it absorbs less than 1°,, moisture. The 
high-temperature strength of all urethane rubbers is good 
but maximum operational temperatures depend greatly 
on service conditions. Urethane rubber has good oxida 
tion resistance and has been subjected to tests continu 
ously at 175 F, for a number of days at 212 to 240 F, for 
several hours at 266 F, and for a few minutes at 300 I 
with no signs of deterioration. In addition Vulkollan 18 
has been subjected to oil immersion at 266 F for 100 hr 
with no destruction of properties. Harder grades of 
urethane rubber retain their properties better at clevated 
temperatures than do the softer materials, but continuous 
contact with hot water or steam is not recommended 

At low temperatures, urethane rubbers stiffen, but do 
not become brittle until about —-94 F. Gradual stiffening 
takes place as temperature decreases, but does not be 
come pronounced until temperatures of — 410 22 F are 
reached. In this property, urethane rubber is very similar 
to conventional synthetic rubbers 

When urethane rubbers are stretched and held in the 
clongated state at low temperatures, they may show a 
100°, set, but will recover their original dimensions when 
warmed to 122 F. Of practical significance, however 
the fact that urethane rubber diaphragms are used sux 
cessfully in outdoor temperatures of 41 T he 
steresis characteristics of the material are such that 
flexes will provide enough heat energ 
soft enough for operation well below this temperature 

Mechanical properties of urethane rubbers may 


to keep the 


modified somewhat by extenders, such as fillers 
plasticizers, but these additives are not normally re 
mended. Fillers, such as carbon black, do not re 
urethane rubbers in the same way as hydro 
clastomers However, they increase the 
Plasts 
urethane rubbers and reduce their properties 
but impart improved low-temperature flexi! 


elasticity and decrease clongation 


APPLICATIONS OF UntTHanr Rusmes 


So far, uses for urethane rubbers have 
their unusually high wear and oi! resistance 





unique combination of hardness and elasticity which can 
be achieved in certain formulations. In many cases, these 
properties have permitted considerable savings in fabricat- 
ing costs. For example, urethane rubber is easily cast in 
simple and inexpensive moulds to produce parts with 
difficult design features, such as undercuts, slots, tapers, 
threads, and integral inserts. In other cases, extension of 
service life has resulted in greatly reduced maintenance 
costs. These benefits can easily offset the relatively small 
differential in raw-materials cost between urethane 
rubbers and conventional rubbers of the hydrocarbon 
and synthetic types. 

In applications requiring hardness and elasticity, one 
formulation of urethane rubber, Vulkollan 30, combines 
high elasticity and appropriate hysteresis to provide 
excellent shock-absorbing power and vibration-damping 
properties. This formulation is used in shock-absorbent 
pads under machinery where vibration or impact shock is 
a problem. The constant-load limit is 1400 psi, but this 
material will satisfactorily withstand sudden shock loads 
of 2800 psi. 

Urethane rubber gears will withstand a high degree of 
misalignment without damage or malfunction, and will 
resist high shock loads. Wide tolerances on dimensions 
are permitted in both the primary part of the gear, the 
urethane teeth, and its adjacent metal hub. Gear teeth 
are not affected by dirt particles in the mesh. 
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Fig. 1. Effect of temperature on the rebound elasticity and Shore 
durometer (4 scale) hardness of two representative types of urethane 
rubber. 


Other applications include suspension bearings on 
heavy earth-moving equipment and farm machinery, 
bottoming rings in automotive shock-absorbing units, 
and similar heavy-duty uses in textile machinery. Flex- 
ible-coupling connector discs of this urethane rubber will 
support high loads, yet permit up to 0-04 in. linear and 
12 deg. angular misalignment without malfunction. 
The effect of temperature on rebound elasticity and 
hardness of two typical formulations of urethane rubber 
( Vulkollan 18, with a tensile strength of 5500 to 7000 psi 
and an elongation from 600 to 800°,,, and Vulkollan 30, 
with a tensile strength of 4500 to 5500 psi and an elonga- 
tion of 450 to 500%,,) is shown in Fig. 1, from which it will 
be noted that Vulkollan 30 shows an unusual combination 
of high hardness and rebound elasticity. 

One formulation of urethane rubber, with a hardness 
of 95 durometer (A scale), has been used in the construc- 
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tion of industrial tyres, which have been found to support 
heavy loads with minimum deformation under constant 
Static or dynamic loading. Tests show that these solid 
tyres reduce power consumption of the equipment by as 
much as 50°%,, because less energy is absorbed by tyre 
flexing. 

Friction wheels and drives of various descriptions are 
being manufactured from this material because of the low 
abrasion loss, low noise level, and high coefficient of 
friction. A typical power-transmission application in 
adjustable-speed drives, for example, makes use of a 
metal cone covered with a 0-2-in. layer of urethane rubber. 

Because of its satisfactory low-temperature behaviour 
and flex-fatigue resistance, urethane rubber has also 
successfully been used in pump membranes. In addition, 
urethane rubbers are used as gasket materials in contact 
with various types of oils. In this connection, however, 
tests should first be instituted as, although most oils have 
little effect on urethane rubbers, some types of oil addi- 
tives may attack the material. 

Vulkollan 30 is used for gaskets in oil-emulsion 
hydraulic systems because of its low abrasion loss, good 
oil resistance, and low compression set. Urethane 
rubbers are not recommended for contact with oil and 
high-speed rotating axles, such as required for rotary 
seals, since the combination of oil and frictional heat 
tends to make the material sticky. 

Urethane rubber cylinders with steel casings, measuring 
16 in. long by 4 in. in diameter, are used as hydraulic mine 
supports, oil being pumped in to extend the urethane 
diaphragm to twice its length at 9000 psi. 

All grades of urethane rubber can be modified with 
additives to make them self-lubricating. The additives 
give them a very low coefficient of friction and further 
improve their already high abrasion resistance. These 
self-lubricating types are excellent for oscillating and 
sliding motion, but thorough testing is recommended 
before using in rotating motions, to ensure that heat 
build-up does not reach destructive levels. 

An excellent example of the high efficiency of urethane 
rubber in stressed parts is a sprocket gear cast of Vulkol- 
lan 30 for the chain-drive mechanism of a motorized 
bicycle. These sprocket gears were centrifugally cast with 
0-008-in. permissible tolerance, but showed no appreciable 
wear after 60,000 miles of test operation. 

Other applications of self-lubricating urethane rubbers 
include guides for steering columns of automobiles, gear- 
shift linkages, combination thrust bearings and seals, and 
automobile door catches. 

While most of the applications of urethane rubber 
already mentioned illustrate its use for specific require- 
ments, the majority of applications for these materials 
stem from the overall property advantages that can be 
gained. An example is the air bladder of a hydraulic 
accumulator used in contact with a variety of liquids such 
as p2trol and oil, as well as air. Another application is a 
petrol-resistant surge diaphragm for hose filler lines. The 
mechanical properties and resistance to oxidation of 
urethane rubbers are important to these applications, but 
difficult to achieve in the proper combination with other 
rubber materials. 

Other examples include valve cores for compressed- 
air forging hammers, in which the high elasticity and com- 
pressive modulus of urethane rubber have enabled the 
cores to outlast the steel covers which contain them. Also, 
flexible couplings of this material provide resistance to 
oil, water, and abrasion, as well as strength for torsional 
and shock loading. 
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Precision Measuring Instruments for Determining 
Frictional Torque 


By A. KUHLENKAMP and J. STAROSTE. 


(From Feinwerktechnik, Vol. 62, No. 2, February 1958, pp. 47-50, 


6 illustrations.) 


. precision engineering, frictional torque is in the milli- 
am-centimetre range, so that the usual torque dynamo- 
eters (Prony-brake, hydraulic, eddy-current, etc.) 
innot be considered, as it is necessary to use torque- 
easuring devices with little or no inherent friction in 
\eir transmission elements. In nearly all systems, 
veasurement is based on an opposing torque which 
esists the rotation of a shaft or its supporting bearings. 

Once of the older methods of investigating friction in 
ivot bearings was evolved by Stott and by Vie- 
veg!-2.3,.4, in which the shaft is driven at constant speed 
nd the frictional forces cause rotation of a jewel bear- 
ig. The angle of rotation, indicated by a pointer, is 
ecorded as a function of time; its second derivative, 
btained graphically, gives the acceleration and hence, 
fter multiplication by a mass moment of inertia, the 
rictional torque. 

In another, similar arrangement, frictional torque is 
ompensated by a rotating magnetic field®, the field 
trength being adjusted until the rotor remains stationary. 
The torque, in a first-order approximation, is propor- 
ional to the square of the current generated by this field. 
This system allows frictional torque to be determined at 

any speed, but has the disadvantage of a non-linear scale 
calibration. 

The running-down test is frequently used to indicate 
frictional conditions of gyroscopes®. The drive is cut off 
and the instantaneous values of angular velocity are re- 
corded against time elapsed. Acceleration is then derived 
graphically. 

An “ electro-microdynamometer " was developed in 
1952, with a measuring range from 0-000! to 3-0 gm-cm. 
The torque to be measured acts on a frame carrying a 
movable coil between the poles of a permanent magnet, 
and, by varying the current passing through this coil, a 
torque is generated which opposes the mechanical torque 
The current, when equilibrium is reached, is indicated 
by a precision-type ammeter, which may be calibrated 
directly in units of torque. This apparatus’ is used for 
measuring the torque of hairsprings for watches, etc., of 
torsion wires, of textile fibres, and also for measuring the 
frictional torque in miniature plain bearings and ball 
bearings. 

The above procedures and instruments are not fully 
uitable for measurements with horizontal bearing 
irrangements or two-point supports. It was therefore 
lecided to develop further the spring-balance apparatus 
nitially described by Jaquerod® and the photocell com- 
ensation unit of Vieweg and Gottwald®.*.!° 


TORQUE-MEASURING BALANCE WITH ROTATING HOUSING 


The torque-measuring apparatus constructed con- 
sts basically of a drive motor (continuously variable 
rom 80 to 3000 rpm), a sturdy base-plate with end 
rackets carrying two lay-shafts, and the test-bearing 
rrangement mounted in a cylindrical housing. The drive 
rom the motor is transmitted through gears to one of the 
1y-shafts, each of which has two rollers near the end 
rackets, the hollow test cylinder, provided with rolling 
ings in guiding grooves, resting on these. All rollers are 
nade of hardened steel with ground surfaces, and ex- 
remely smooth running conditions are obtained 
1958 
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A double bracket at the free end of the system carries 
the torque-measuring balance, illustrated in Fig. 1, in 
which one bracket is fitted with a dial (5) and has a pivot 
bearing for a horizontal measuring shaft with a hub, to 
which the pointer (4) is fitted. A spiral spring (3), con 
nected to the hub and to the base of the bracket, provides 
a resisting torque which is linearly proportional to the 
angle of rotation of the measuring shaft. The latter is 
supported by another pivot on the other bracket and also 
carries an L-shaped follower arm (2), which is acted upon 
by a primary element or finger (1) rigidly connected to a 
small hub on the test shaft (6). The pivot bearings of the 
measuring shaft produce only a very low frictional torque 
i.e., about 100 times less than the torques to be measured 
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Fig. |. Detail of torque-measuring balance 


The test shaft would be stationary in the absence of 
friction, and is supported by means of its bearings inside 
the rotating cylinder. Any rotary movement of the test 
shaft, caused by bearing friction, is indicated by the 
pointer 
sides of its zero position, so that tests can be carried out 
in either direction of rotation 

The cylindrical housing is made of aluminium and 


The dial has a scale with 180 divisions on both 


in two halves, which can be screwed together, care being 
taken to ensure proper centering 
be taken off its driving rollers, disassembled, and provided 
with a new test shaft and bearings. Moreover, with the 
arrangement it is possible to produce a fully defined 
bearing loading, since this is due only to the weight of the 
Stationary test shaft 
shaft and stationary housing, there is an additional force 
to be taken into account, caused either by the tooth 
forces of gear transmissions or by cable tension. More 
over, such systems also have a more sluggish respons 
to changes in operating conditions, because of the large 
moment of inertia of the cylinder 

Axial movement is prevented by an adjustable screw 
type thrust bearing in contact with one end of the test 
shaft, which, to minimize friction at this position, «= made 
with a pointed end having a cone angle of 90 deg. As the 
axial force does not exceed 2 grams and the effective 
misalignment is less than 0-5 deg., the frictional torque 
of this locating bearing is very small, i.c., 10 to 100 times 
less than the torque duc to the bearings which are under 
going test 


The housing can easily 


In other systems with a rotating 





The spiral spring (3) at the free end of the system is made 
of steel wire, with the same effective length in both direc- 
tions (100 mm), and does not give rise to additional tor- 
que. Its diameter is 0-5 mm and its weight of 0-15 gm is 
negligible, compared with that of the test shaft. Owing 
to its flexibility, this spring also serves to smooth out any 
small shocks caused by the driving rollers and which 
might result in flutter of the pointer, making it possible for 
the system to measure torques from 0-1 to 2:0 gm-cm. 
The linear scale gives an absolute accuracy of +0-5 deg., 
while the reading accuracy increases with increasing 
deflections. Sensitivity is 0-05 deg./mgm-cm. 

It may be noted that the range of torques is only ap- 
proximately 10:1. If greater ranges, e.g., 100:1 or 1000:1, 
are required, fully reliable indications cannot be attained. 
The spiral spring could be replaced by another spring for 
a different range of torque values, but this is a delicate 
operation, and each time it is performed there is the 
possibility of introducing errors caused by excessive 
straining of the spring, damage to the pivots, or unsuit- 
able bearing clearances. 

TORQUE BALANCE WITH PHOTOCELL COMPENSATION 

To eliminate the disadvantages of the basic torque 
balance unit described, an electronic apparatus with 
photocell compensation was developed. This instrument 
can measure frictional torque down to values of | mgm- 
cm. The time lag of the transient response is 0-1 sec, and 
sensitivity is 1-1 #A/mgm-cm, i.e., more than 30 times 
that of the mechanical instrument. The test bearings 
and test shaft are fitted in the same type of hollow cylinder 
as in the purely mechanical torque balance, but the fric- 
tional torque generated at the shaft is transmitted by a 
cross-piece to a follower (1) (Fig. 2) attached to the pointer 
of a moving coil (2). The tip of the pointer is provided 
with a mask (3), which intercepts, to anextent depending 
on frictional torque, the beam of light between a light- 
source (4) and an alkali-type photocell (5). The photocell 
is in series with resistances (6) and (7), and is connected to 
the terminals of a rectifier supplying constant voltage via 
a voltage divider (8). The electron current flowing to- 
wards this voltage source causes a proportional voltage 
drop along these resistances, and this variable voltage is 
applied to the grid resistor (9) of an amplifier valve (10), the 
anode current from this valve passing through the moving 
coil (2), which then produces an electrical torque oppos- 
ing the mechanical torque. The frictional torque is com- 
pensated when the mask (3) on the pointer has adjusted 
itself to an equilibrium position, and, since this adjust- 
ment is by means of electronic feedback, it occurs with 
practically zero time-lag. The anode current is measured 
with a sensitive multi-range ammeter (11). The moving 
coil (2) is in the radial homogeneous field of a powerful 
permanent magnet (12) with constant flux, so that read- 
ings are directly proportional to torque. 

The single-stage amplifier has a pentode in a triode 
circuit arrangement. The circuit constants are such that, 
when the mask (3) is in its undeflected position with a 
maximum photocell current of 1 A, the valve is blocked 
by a grid voltage of —10 V, so that there is zero anode 
current. When the mask is rotated so as to intercept 
some of the incident light, the photocell current is re- 
duced, the negative grid bias is smaller, and there is a 
flow of current in the anode circuit. The permanent mag- 
net (12) is used with a single coil consisting of 900 turns 
of 0-:05-mm diameter varnished copper wire, designed for 
a permissible maximum current of 10 mA. This com- 
bination can still produce an appreciable torque with a 
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Fig. 2. Circuit diagram of measuring equipment with photocell 
compensation. 

current of 10 pA. Its measuring range is therefore 

1000:1, without switches or changes in the measuring 

system. 

This electrical measuring circuit with photocell com- 
pensation operates as a closed-loop control system. The 
moving coil is the controlled element, while the remaining 
elements form the controller. The difference between the 
frictional torque and the electrical torque is the input- 
error signal, resulting in movement of the pointer. The 
pointer displacement is sensed by the photocell (the 
measuring element of the controller) and, after conver- 
sion into electrical quantities, its measured value is fed 
to the amplifier valve, which produces the constant flow 
of anode current (the controller-output quantity) re- 
quired to generate the compensating torque acting on the 
coil, so that the pointer reaches an equilibrium position. 
The corresponding current, expressed in units of torque, 
is indicated by the ammeter. 


RESULTS OF MEASUREMENTS 


The instruments described above were used to 
measure the frictional torque of a large number of two- 
point bearing arrangements, results being determined as 
functions of speed, lubricant, temperature, and load. 
The quantity of lubricant was found to have considerable 
influence, as excessive lubrication results in unduly high 
values of torque resistance, with an indeterminate relation 
to speed. When using the correct amount of lubricant, 
on the other hand, the friction characteristic shows the 
typical variation of frictional torque against running 
speed originally determined by Stribeck'! for plain 
bearings. Initially, there is static friction at zero speed, 
and frictional torque then decreases as the running speed 
is increased, until a minimum value is reached at a 
critical point. Beyond this point, frictional torque rises 
again with increased speeds. 

In the speed range below the critical point, the bear- 
ings operate under “ mixed-friction ’’ conditions. The 
oil pressure is not sufficient to carry the entire load, and 
the coefficient of friction and rate of wear depend in this 
range on various factors, such as on the oiliness and the 
adhesion of the lubricant, and on the bearing surfaces. 
At the higher speeds, beyond this critical point, hydro- 
dynamic friction is obtained, i.e., an oil film, whose 
thickness increases with running speed, carries the shaft 
and ensures complete hydrodynamic lubrication without 
metal-to-metal contact and hence without wear of the 
components. 

The quantity of lubricant required for this behaviour 
is very small. The bearing surfaces were lubricated by 
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d oping them in a solution of oil and carbon tetrachloride 
tios between 1:5 and 1:10) so that, after evaporation 
the solvent, a uniform and very finely distributed film 
oil occurred over the entire surface. 

For bearings with very narrow bearing surfaces of 
ne tenths of a millimetre, it was noted that the curve of 
ctional torque against running speed varied in the 
irse of time, both during running and in the stationary 
dition, in such a manner that the entire curve was 
fted towards decreased values of friction, until, after a 
tain “ transition period ”’, it reached a stable position 
th minimum frictional values. Removal and reinsertion 
the spindle in this condition did not alter these results. 
ywever, if the spindle was removed and reinserted dur- 
x the transition period, the torque curve returned to its 
zher original position. This behaviour was found to 
cur only with wire-ring pivot bearings. 
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Sub-Zero Chilling Techniques 


By R. A. Wason. (From The Tool Engineer, Vol. 40, No. 2, February 1958, pp. 107-115, 9 illustrations.) 


As discussed in this article, cutting times are reduced and tool life is increased when workpiece materials 
or coolants are chilled to sub-zero temperatures, while low-temperature treatments can stabilize and 


improve metallurgical properties. 


Applications of chilling techniques in finishing, assembly, and 


inspection are also discussed. 


WitH the development of new chilling techniques and 
cooling equipment, the processing of metals, plastics, and 
rubber at sub-zero temperatures is being increasingly 
used to solve specialized production problems. For 
example, the removal of flash from plastic O-rings by 
tumbling them in a barrel with dry-ice pellets is well 
known. The thin flash, made brittle by the low tempera- 
ture, breaks off cleanly during tumbling. Thicker sec- 
tions of the O-ring do not cool through during the brief 
exposure to reduce temperatures, so that the rings do not 
become brittle enough to crack while being tumbled. 


MACHINING PROCESSES 

Reduced-temperature techniques have many applica- 
tions in machining processes. Cutting tools can be given 
sub-zero cooling treatments to improve their properties, 
and workpiece materials can be cold-treated for easier 
machining. In addition, ordinary cutting fluids can be 
cooled to maintain cooling efficiency, and sub-zero 
coolants can be used to increase the efficiency of cutting 
operations. 

An example of the successful use of a chilling tech- 
nique concerns an application where difficulty had been 
experienced with heat-treated aluminium castings 

ioving’” during and after machining, so that it was 

scified that critical parts should be machined three 
ies, with a 24-hr wait between operations. Now, how- 

r, chilling of these castings has solved the problem 

1 is stated to have resulted in considerable economy by 
r lucing handling and set-up costs, as parts are now, 

er chilling, set up only once, when they are rough- 
chined and then immediately finish-machined. Be- 
ise of the success obtained with these aluminium 
tings, the same technique is being used with bronze 
tings. 

In the case of band-sawing operations, it has been 

ind that, if chrome-molybdenum steel parts are sub- 

ted to a sub-zero quench and then rough-trimmed on a 
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band-saw, sawing time per part can decrease by as much 
as 50°.,, while the cutting life of the band can be increased 
three times. Similar results have been obtained when 
Sawing titanium, 0-08 in. in thickness, after a sub-zero 
quench. 

In the case of aluminium-alloy parts, 14 in. in thick 
ness, drilling and routing times can be substantially 
reduced if the parts are first given a sub-zero quench 
Furthermore, polishing of the parts is unnecessary, as the 
finish is excellent, and tool life is considerably increased 

A 72-in. broach has been hardened and stabilized by 
chilling at —-125°F, doubling its life. As a result of the 
transformation of austenite to martensite, flaking of the 
cutting edge has been almost eliminated 
can be anticipated for all cutting tools 

Stock high-speed steel tools which have been hardened 
and finish-ground may be chilled with definite improve 
ment in cutting efficiency. The best results are obtained 
however, when the cold treatment is used during the 
hardening and tempering cycle. The improvements poss 
ible can save considerable set-up time 

Tools or dies which have been improperly heat 
treated or are slightly undersize can frequently be salvaged 
through a sub-zero chill, if such a step was not included 
in their manufacture The slight amount of growth 
produced by the transformation of some austenite to 
martensite can bring the tool to required size. If the tool 
is then oversize, it can be ground casily without danger of 
cracking. Because this transformation has other benefits 
tools can be used with a higher hardness and have the 
same strength, or they can be used with the same hardness 
but be stronger 

Chilling techniques have also been successfully 
applied in the manufacture of rubber bushings. In this 
application, the blanks are frozen with liquid nitrogen at 

219°F and are then machined to the required dimen 
sions If all operations are performed quickly, all 
machining can be effected with one freezing 


This same result 


Holes are 
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drilled with standard metal-cutting drills, and forming 
and cutting off are carried out with standard high-speed 
steel tools. Chips are stated to be long and continuous, 
and adequate part accuracy is easily obtained. 

Aluminium honeycomb parts can be held for machin- 
ing by freezing them to refrigerated work-fixture platens. 
In addition, the entire honeycomb can be frozen into a 
block of ice. In this way, individual cells are supported 
against crushing forces, and the honeycomb is also held 
on the refrigerated platen by the ice. All types of straight 
and contour machining can be effected with workpieces 
secured in this way. 

It has also been found that refrigerated-platen 
machines, with an 8-min freeze-defrost cycle, can equal 
the production milling rate of 10 indexing platens using 
adhesives to secure workpieces. The “ ice platen” has a 
maze of passages through which cold and hot fluids are 
circulated cyclically. This platen is also being investigated 
for holding plates, castings, and forgings for milling, 
drilling, and profiling. Foam rubber can be machined 
with such a set-up, as also can soft plastics, and woven 
and felted fabrics. 


CoL_p CUTTING FLuIDsS 


Continuous operation and the heat absorbed by 
cutting fluids during heavy cuts have brought about 
special devices to remove heat from cutting oils. Heat 
removal is usually a problem on individual machines 
rather than at a central location. Heat exchangers are 
easy to install and simple to control, but are more costly 
than water-cooling coils or tower sprays. Coolers can 


be moved from one machine to another, as needed. 
Refrigeration is more essential with straight oils than 
with water emulsions, because the specific heat of oil is 
0-48, while that of the emulsion is almost 1-0. Emulsions 
seldom run much above room temperature. 


If oil 
absorbs the same amount of heat as the water solution, 
its temperature will rise twice as high for equal volumes. 
Also, with oil, there can be no evaporative loss of heat as 
there is with water solutions. 

It has been found that tools flooded with refrigerated 
cutting fluids cut with more precision and at faster 
speeds, require fewer regrinds, and stay sharp up to 20°, 
longer. 

Using a cutting fluid with a temperature of — 40°F, 
tests were made on a milling operation on a normalized 
steel forging. With standard coolant techniques, 35 pieces 
were turned out per day and 60 to 65 pieces were made 
per grind. With the cold fluid, 80 pieces were made per 
day and 169 pieces per grind. Another cut on the same 
forging did not show such good results, primarily because 
of inability to get the coolant into the cut in sufficient 
volume. This leads to the conclusion that the cold tem- 
perature is mandatory for success. Similarly, by applying 
a sub-zero compressed-air stream to the cutting edge of a 
carbide milling cutter, one company increased tool life by 
more than 400°,,.. Surface finish was also improved. 

Through the use of a small jet of liquid carbon 
dioxide at high pressure, cooling action of the cutting 
fluid can be restricted to the tool. This technique offers 
an opportunity of dramatically extending tool life, 
especially when working materials that are prone to chill- 
hardening. Since the newly formed chip is not touched 
by the coolant, it remains soft and plastic until it clears 
the tool. 

Routing of larninated phenolic sheet is considerably 
improved through the use of a sub-zero coolant. Parts 
can be cut very easily, cutting time ‘s halved, and debur- 
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ring and polishing are unnecessary, while the router bit 
lasts considerably longer. 


EXPANSION FITs BY COOLING 


Shrink fitting has long been practised in industry. 
With this procedure, the enclosing part is heated until it 
expands sufficiently to accommodate the penetrating part. 
Where tight fits are required, this procedure requires high 
temperatures and perhaps the use of a press to complete 
the assembly operation. High temperatures can result in 
metallurgical changes, distortion, reduction of hardness, 
oxidation, and general scaling, making finishing and 
straightening operations necessary. Dimensional changes 
during heat-treatment also cause trouble. 

Through the-use of sub-zero cooling techniques, many 
of the problems formerly associated with shrink fitting 
have been avoided. Parts at low temperature are easier to 
handle than hot parts, there is less chance for metallur- 
gical changes to occur, physical shape does not change, 
and oxidation does not take place. 

Expansion fitting usually involves only the chilling of 
the inserted part. Where both techniques are combined, 
all the equipment should be grouped together. When 
heating is used with chilling, temperature levels are much 
lower and parts are not damaged. 

The use of reduced temperatures, so that the internal 
part subsequently expands to fit the enclosing part, can 
prevent the scoring that might occur in standard press 
fits. This is especially important where parts are pro- 
tected by plating. Expansion fits result in considerable 
savings because of less expensive production methods 
and reduced scrap. 

An advantage of the use of expansion fits is that the 
time-consuming operation comes before assembly rather 
than after. Units to be shrunk have to spend considerable 
time at the reduced temperature, but warm up and expand 
quickly. For example, one company shrinks bearing 
cups by freezing for 4 hr, diameters being reduced be- 
tween 0-002 and 0-003 in. After insertion, the cups be- 
come tight in from 30 to 45 sec, reducing the number of 
holding fixtures required. 

Another use for reduced temperatures is the reverse 
of the expansion fit. On occasion, it is necessary to 
remove a bushing that has been inserted with an expan- 
sion, press, or shrink fit. This can frequently be best 
accomplished by inserting a cup-type container into the 
bushing and filling it with a low-temperature fluid. 

While it is considered that, for large-scale use, 
mechanical refrigeration units, with temperatures down to 

150°F, are more economical than dry ice or liquid air, 
and are easier to handle and control, materials of this 
kind are definitely useful in cases where requirements are 
not high. In this connection, liquid nitrogen is parti- 
cularly suitable for chilling small parts in small quantities. 
As soon as a part is dipped in a container of liquid 
nitrogen, a gaseous layer covers its surface, so that chill- 
ing does not take place too rapidly. As the temperature 
of the part drops, boiling occurs and, when the part is at 
the same temperature as the bath, boiling stops. 


THERMAL TREATMENT OF STEELS 


All steels retain a certain amount of austenite after 
routine heat-treating procedures. High-alloy steels retain 
the most because the austenite in them is slow to trans- 
form to martensite. Thus, the effects to be gained by sub- 
zero chilling depend on the type of steel. There must be 
austenite which can be changed to martensite if pro- 
nounced effects are to be noted. Prior heat treatment 
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also influences the amount of transformation possible 
through chilling. 

It is desirable to change austenite to martensite be- 
cause the steel will be harder, stronger, and more ductile. 
A typical thermal treatment for high-speed steel includes 
preheating, heating to between 2150 and 2450°F, quench- 
ing to 200°F, air cooling to room temperature, and then 
chilling. Following the chill, high-speed steel parts are 
tempered at 1000 to 1100°F. Time at the sub-zero tem- 
perature is not important for most steels. It is only 
necessary that the required low temperature be reached 
throughout the part. 

Since overchilling is not harmful, steels of different 
cross-sections and of different types can be chilled at the 
same time. It is necessary, however, that the load be 
kept chilled long enough to ensure that the heaviest 
sections and the types requiring the lowest temperatures 
reach their necessary temperatures throughout. 

Where parts have been thermally hardened through- 
out their cross-sections or where they have sharp corners, 
to prevent cracking it is best to use several cycles of 
chilling and low-temperature heating. Tests have shown 
that parts should not be held at room temperature be- 
tween the quench and the chill. One hour can be de- 
trimental and ten hours can reduce the efficiency of the 
sub-zero treatment by as much as 50°,. 

Proper sub-zero treatment procedures specify a 
tempering step after chilling. This has the effect of setting 
the structure, hardness, strength, and ductility properties. 
When austenite has been changed to martensite and the 
part has been tempered, cracks will not result from 
grinding. This is probably because austenite expands 
about 50°, more than martensite and, if there is little 
austenite, stresses in the workpiece are not as high. 
Since austenite is denser than martensite, parts should 
net be finished to size until after transformation. Part 


growth during transformation can destroy machining 
accuracy if parts are finished first. 

Studies of the desirable characteristics for stainless 
steel and the availability of new refrigeration equipment 
(a typical new machine can lower 250 Ib of stainless steel 


per hour from + 80 to —120°F) have led to the develop- 
ment of a new class of stainless steels. These semi-aus- 
tenitic steels require a —100°F chill as part of their 
thermal treatment cycle. As annealed, these alloys have 
an austenitic structure, and the transformation point is 
below room temperature. Parts are annealed at 1700 to 
1750°F, chilled to —100°F, and tempered at 750 to 900° F 
With such a treatment, they achieve full hardness 


STABILIZATION 


Although transformation of austenite to martensite is 
desirable because of the changes it produces in strength 
and hardness properties, it is equally valuable because it 
stabilizes the steel. Several hours of sub-zero chilling can 
achieve a degree of stability that would otherwise only be 
possible by up to seven years of atmospheric ageing. 

Practically all steels, cast iron, and aluminium 
castings and forgings can be stabilized if subjected to 
alternate warming and chilling cycles. Each type of metal 
has an optimum cycle, and time and temperature limits 
should not be changed indiscriminately. 

Precision parts such as beds and ways for lathes, 
arbors, mandrels, and gauges can be quickly and effec- 
tively stabilized so that they will retain their sizes over 
normal temperature ranges and through normal use 
Final finishing of such precision parts is done after the 
Structure has been stabilized. Parts are usually rough- 
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ground to within 0-002 in. of final size before stabilizing 
For such precision parts, the gains through metal treat- 
ment at sub-zero temperatures, i.¢c., higher hardness, 
higher strength, and good ductility, are an added benefit 

In addition to cold-treating gauge stock, sub-zero 
chilling of the lapping flats used to finish gauges is being 
employed. Plate accuracy is maintained for several days 
after stabilization, contrasting sharply with the several 
hours life of a plate without such treatment 


DELAYED HARDENING 


Because solution-treated aluminium alloys age- 
harden at room temperature almost immediately after 
quenching, they must be used at once. Since such im- 
mediate use would be difficult to schedule, especially in 
aircraft production, sub-zero chilling methods have been 
devised. Rivets and blanks for punching or forming can 
be stored in low-temperature freezers and used as needed 
At temperatures of about — 50°F, parts can be retained 
for several weeks. 

Forming operations which cannot otherwise be 
carried out can be effected by means of reduced tem 
peratures. For example, stainless steels which cannot be 
heat-treated can be worked to advantage at reduced 
temperatures. The lower the process temperature, the 
higher is the ductility of the metal for the same strength, 
so that complex shapes can be formed. Properties im- 
parted to stainless steel by working them at sub-zero 
temperatures are retained up to 800 F. Processing is not 
difficult because, if the workpiece is sufficiently chilled, 
regardless of the temper it is not necessary to cool the 
tools or the atmosphere surrounding the part 

An entirely different type of hardening can be pre- 
vented by reduced temperatures. Aircraft companies 
use many plastic sealants and potting compounds which 
Start to harden as soon as the catalyst and resin are mixed 
One aviation company refrigerates polysulphide (synthe 
tic-rubber) sealants at — 20°F after the hardening agent 
has been added. This inhibits hardening until the material 
is positioned around canopies and similar areas 


MISCELLANEOUS APPLICATIONS 


Temperatures as low as —150°F are now being used 
to dehydrate process gases, the gas being piped through 
copper coils immersed in a convection fluid in the chilling 
chamber of a mechanical refrigeration unit. At such low 
temperatures, all moisture condenses out of the gas 

This same principle is used to determine the amount 
of residual moisture in refrigerator motor-compressor 
assemblies. The unit is installed in an oven and, after a 
sufficiently high temperature is reached, the air is ex 
hausted by a vacuum pump. Discharge is through a 
moisture trap in a bath at —100 F. The amount of con 
densate is an indication of the moisture content in the 
unit under test 

Hermetic terminal assemblies made of glass are tested 
for leaks by subjecting them to five cycles of alternate 
immersion, comprising five minutes in boiling water and 
five minutes in a mixture of dry ice and acetone (#5 F) 
After this shock treatment, they are tested for leaks with 
nitrogen gas at 350 psi 

Various combinations of thermal treatments have 
been applied to spot-welded parts. Shear values of spot 
welded assemblies are raised considerably by introducing 
a chilling step at -40°F. Optimum results have been 
obtained by chilling the parts, spot-welding, chilling the 
assembly, and artificially ageing. Asa result, shear values 
have increased by as much as one-third 
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The Isothermal Transformation of Austenite in 
Carbon Steels 


By S. Mopin. (From Jernkontorets Annaler, Vol. 142, No. 2, 1958, pp. 37-80, 74 illustrations.) 


This article describes the results of investigations into the isothermal formation of pearlite and bainite 

in carbon steels containing 0-18°/, and 0-50°%, carbon. The microstructures formed at different temper- 

atures are discussed and illustrated by photomicrographs made with both the optical and electron 
microscope. 


THE nucleation, growth, appearance, and orientation of 
the structures resulting from isothermal transformation 
from austenite have previously been subjected to intensive 
study. The orientation of the products of transformation 
in relation to the parent austenite from which they formed 
has also been studied, and it is known that the orientation 
of the pearlitic ferrite in a eutectoid carbon steel in rela- 
tion to its parent austenite differs from the orientation of 
the pro-eutectoid ferrite in hypo-eutectoid steels and of 
the ferrite formed in the y-a transformation in pure iron. 

As regards the nucleation, it has been found that 
residues of cementite in austenite act as nuclei in the 
transformation of the austenite to pearlite. It has also 
been found that pro-eutectoid cementite may be con- 
tinuous with pearlitic cementite. 

Bainite, like pearlite, consists of ferrite and carbide. 
Under the microscope, pearlite and bainite are usually 
easy to distinguish during their growth, i.e., in incom- 
pletely transformed specimens. In completely trans- 
formed specimens, on the other hand, the difference is 
considerably less pronounced. Thus, during its growth, 
pearlite usually has a roughly spherical form which hardly 
occurs in bainite. 

The origin and manner of growth of bainite are com- 
paratively littke known. Many consider that bainite, like 
pearlite, forms by an ordinary nucleation and growth 
process, while others attribute the formation of bainite to 
a shearing process connected with diffusion of carbon. 
The difference between bainite and martensite is con- 
sidered to be that the latter transformation proceeds 
without diffusion of carbon. 

An investigation is being conducted by The Swedish 
Institute for Metal Research into the microstructures of 
carbon steels subjected to different forms of heat treat- 
ment, and this paper mainly deals with the pearlite and 
bainite structures of hypo-eutectoid carbon steels after 
isothermal transformation from austenite. The structures 
after heat treatment were examined in two different ways. 
In one of these, polished and etched sections were exam- 
ined under the optical microscope and, after production 
of replicas, under the electron microscope as well. The 
second method consisted of direct reproduction of 
chemically isolated carbide particles by means of the 
electron microscope. 

Tasie I 
¢ | Si Mn P S Cu 


| O18 0-31 0:47 0-017 0-029 0-10 
0:50 0:24 0-21 0-016 0-026 Trace 
Two different carbon steels, i.e., a 0-18°;, C steel and 

a 0°50°.,C steel, with the nominal percentage composition 

given in Table I, were investigated. The two steels were 

in the form of round bars of 20 mm diameter and were 
normalized. The bars were turned down to approxi- 
mately 18 mm diameter, and discs of 0-8 mm thickness 
were cut from them for heat-treatment purposes. 

In all cases, the two steels were examined at eight 
different transformation temperatures, i.e., 350° to 700°C, 
in increments of 50°C. The heat treatment, preparation 
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of specimens, etching, and isolation of carbides, as also 
the methods of electron microscopic examination, were 
the same as described in a previous paper.* 

The results of this investigation may be summarized 
as follows :— 


PEARLITE 


The pearlite formed from austenite in hypo-eutectoid 
steels differs in several respects from the corresponding 
pearlite in eutectoid steels. This difference increases with 
diminishing carbon content and transformation tem- 
perature. In hypo-eutectoid steels the transformation is 
usually preceded by formation of pro-eutectoid ferrite. 
The latter obstructs the nodular growth of the pearlite and 
often determines the outer shape of the growing pearlite. 

In the formation of pearlite in a eutectoid carbon 
steel, there is probably no change in the carbon content 
of the still untransformed austenite in the austenite- 
pearlite interface. The resulting pearlite inherits the 
carbon content of the austenite. In the case of hypo- 
eutectoid steels, on the other hand, the pearlite may be 
preceded by a formation of ferrite which gives rise to 
carbon enrichment of the surrounding austenite. This 
formation of pro-eutectoid ferrite occurs in all hypo- 
eutectoid steels at transformation temperatures immedi- 
ately below A:. At successively reduced transformation 
temperatures, the proportion of such ferrite diminishes, 
and, at a sufficiently low temperature, no pro-eutectoid 
ferrite at all is formed, the steel therefore presenting a 
structure eutectoid in appearance. The lower the carbon 
content of the steel, the lower is this critical temperature. 

Thus, at transformation temperatures immediately 
below A1, there forms in hypo-eutectoid steels a propor- 
tion of pro-eutectoid ferrite given by the excess of iron 
over that for eutectoid composition. The remaining un- 
transformed austenite is thereby enriched in carbon up to 
eutectoid content, after which pearlite forms. The latter 
does not appreciably differ in lamellar structure from that 
of the eutectoid steel formed at the same temperature 
(Fig. 1). 

In hypo-eutectoid steels a change in the structure takes 
place with falling transformation temperature. The pro- 
portion of pro-eutectoid ferrite diminishes and that of 
pearlite increases. The pearlite formation thus starts be- 
fore the austenite has assumed eutectoid composition. 
The austenite becomes saturated in respect to cementite, 
even before attaining eutectoid content. This condition is 
qualitatively apparent from the iron-carbon diagram, if 
the Acm line is extended down towards the transformation 
temperature. 

The proportion of cementite in the pearlite, and hence 
its carbon content, diminishes with falling transformation 
temperature in hypo-eutectoid steels. At the same time, 
the proportion of pro-eutectoid ferrite diminishes, where- 
as that of pearlite rises. This condition is striking in low- 
carbon steels transformed at low temperature (Fig. 2). 


* H. Mopin and S. Movin : “ Pearlite and bainite structures in a 
eutectoid carbon steel An electron microscopic investigation.” 
Jernkontorets Annaler, Vol. 139, 1955, pp. 481-515. 


THE ENGINEERS’ DIGEST 





When the pearlite is, so to speak, diluted with ferrite 
in this manner, its structure becomes less lamellar in 
appearance. The section may instead be described, 
initially, at medium transformation temperatures, as 
fragments of plates lying in rows with intermediate 
bridges of ferrite, and later, at low temperatures, as a 
‘‘ granular cementite ” in a ferritic matrix. The pearlite 
islands are, however, often bounded by cementite walls 
of a type described below and shown in Fig. 3. 

In the steel with the lower carbon content the cemen- 
tite lamellae of the pearlite were usually found to be 
distinctly thicker adjacent to the free ferrite (Fig. 4), and 
often having a lump of cementite at that end. Sometimes, 
several lumps of cementite establish contact, so that the 
pro-eutectoid ferrite and the pearlite island are separated 
by a wall of cementite. Nearer the centre of the pearlite 
islands the cementite plates become thinner. 

In harmony with this, the carbide plates which can be 
distinguished in the isolate are jagged and punctured and 
often much thicker at one end than at the other, in 
conformity with the picture obtained of their structure 
when examining a section of the specimen (Fig. 5). 

These observations receive a natural explanation if it 
is assumed that the pro-eutectoid ferrite, which forms 
first, gives rise to an increase of carbon content in the 
immediately adjacent austenite, whereas the rather more 
distant austenite virtually retains its hypo-eutectoid com- 


Fig. 1. Optical photomicrograph of 018°, C steel after 2) min trans 


formation at 690 (C, showing ferrite, martensite, and pearlite (dark) 
800) 


Fig. 3. Electron photomicrograph of 0 18°. C steel after 8 sec trans 
formation at 550 (, showing ferrite (dark) and peartite (~ 7800 
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position. When the pearlite formation then starts in the 
austenite region with the higher carbon content, it ts 
characterized by the observed increase in the proportion 
of carbide. By the further growth of the pearlite into the 
interior, its structure is governed by the lower carbon 
content of the austenite. 

In the 0-18°.,C steel this phenomenon is especially 
striking at low transformation temperatures, at which 
the rate of diffusion of carbon in austenite is low in com 
parison with the size of the austenite regions, so that the 
irregular distribution of carbon in the austenite, due to 
the formation of ferrite, has less opportunity to even out 

At high formation temperature, the cementite plates 
have often been found to possess a thickness variation 
which follows a rectangular pattern, as in Fig. 5. At 
lower temperatures the plates are smaller and thinner, and 
exhibit an increased jaggedness and formation of holes, as 
in Fig. 6, in which a striking feature is the considerable 
variation in size of the cementite particles in low-carbon 
steel when the pearlite is formed at low temperature 
Here, large numbers of very small! plates are found, in 
addition to occasional very large and thick plates, but all 
intermediate sizes also occur. It seems reasonable to 
regard such a pearlite, even if it does not impress one as 
lamellar under the microscope, as consisting of jagged 
and punctured cementite plates in ferrite. Only in pearlite 
of practically irregular “* granular“ appearance, i.c., in 


* 


Fig. 2. Optical photomicrograph of 0 18°, C steel after 9 sec trans 
formation at 600 CC, showing ferrite (light) and peartite (dark 
( - 600) 


Pig. 4. Mhectron photomicrograph of 0 18". ( eteel after 2 mie trans 
formation at 650°C, showing ferrite (derk) and peartite 7400 
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Fig. 5. Electron photomicrograph of 0-18 °% C steel after 5 min trans- 
formation at 650°C, showing isolated pearlite-carbide. ( « 18,000) 


low-carbon steel and at the lowest temperature of forma- 
tion, is it likely, in certain cases, that every such individual 
grain in reality consists of a single platelet. 

Particular attention has been paid to the problem of 
how pearlite formatien starts, i.e., whether ferrite or 
cementite is the nucleating agent. At the highest trans- 
formation temperature, about 700°C, it is observed under 
the optical microscope at high magnification that in about 
30°, of the pearlite islands examined there is no grain 
boundary visible between the pearlitic ferrite and one of 
the adjacent ferrite grains, as shown in Fig. 7. 

For the lower transformation temperatures the re- 
solving power of the optical microscope is insufficient to 
support any conclusion on this point, but examination in 
the electron microscope again reveals a similar state of 
affairs (Fig. 8). 

Even if a pearlitic island should appear, separated by 
grain boundaries from the surrounding ferrite in the 
polished section, it is quite possible to imagine that its 
ferrite could be continuous, with a neighbouring ferrite 
grain below or above the examined section and hence 
out of view. 

When a pearlite island has no grain boundary between 
its ferrite and that of an adjacent ferrite grain, it seems 
reasonable to assume that this grain has nucleated the 
pearlite. In view of the above observation, it thus appears 
quite probable that the pearlite in the two steels examined 
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Fig. 7. Optical photomicrograph of 050°, C steel after 10 min trans- 
formation at 706°C, showing absence of grain ‘ee between ferrite 
and pearlite. ( ~« 1800 
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Fig. 6. Electron photomicrograph of 0-18° C steel after 8 min trans- 
formation at 600°C, showing isolated pearlite-carbide. ( 18,000) 


has been nucleated from pro-eutectoid ferrite, when such 
ferrite has been present. It has not, however, been poss- 
ible to find out how the pearlite is nucleated when there 
is no pro-eutectoid ferrite present. 

In the same way as in the eutectoid steel, every pearlite 
island consists either of a single unidirectional region or 
of several regions with different orientation of the lamel- 
lae. As the transformation temperature successively 
diminishes, the size of each region of unidirectional 
lamellae appears to decrease. No direct relationship 
between lamellar orientation and radial direction of 
growth has been established. The lamellae appear to 
form an arbitrary angle with the direction of growth of 
the pearlite. 


PROPEARLITIC FERRITE 


The formation of pearlite in the two steels examined 
is usually preceded by formation of ferrite. This starts in 
the austenite grain boundaries and may continue by a 
growth of ferrite plates in a Widmanstatten arrangement 
into the austenite grains. 

In completely transformed specimens of the 0-18°,C 
steel, little is seen of this splitting up of the austenite 
grains, because the austenite plates, existing at a certain 
stage of transformation, subsequently formed ferrite of 
the same orientation as the surrounding pro-eutectoid 
ferrite. As a consequence, the microstructure in a com- 


Fig. 8. Electron photomicrograph of 0-18°, C steel after 2 min trans- 
formation at 650°C, showing absence of grain boundary between ferrite 
(dark) and pearlite. (« 7500) 
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formation at 6 , Showing — (light) and martensite (dark). 
( " 


) 


Fig. 10. Electron photomicrograph of bainite in 018°; 
sec transformation at 400°C. ( « $000 


Fig. 11. Electron photomicrograph of 050°, C steel after 4 sec trans- 
formation at 400°C, showing martensite (light) and bainite. ( « $000) 
pletely transformed specimen does not, by itself, reveal 
the manner of formation of ferrite in this case (Fig. 9) 


BAINITE 

The bainite encountered in hypo-cutectoid steels is 
coarser than that in a eutectoid carbon steel under corres- 
ponding conditions of formation. The lower the carbon 
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content of the steel, the coarser it appears (Figs. 10 and 11) 

The formation of bainite starts with precipitation of 
ferrite plates in a Widmanstitien arrangement. It is 
natural to assume that the austenite which is at first left 
between the ferrite plates in this process has had its carbon 
content increased thereby. This stage can be fixed by 
quenching the specimen before any carbide has had time 
to form. In the quench the austenite forms martensite 
(Fig. 12), and at this stage the structure looks similar to 
coarse pearlite, with the carbide in the pearlite replaced 
by austenite converted to martensite by the quench. If 
instead, the reaction is allowed to proceed further at the 
transformation temperature, cementite and new ferrite 
(Figs. 13 and 14) form from these austenite plates. The new 
ferrite precipitates on the already existing ferrite without 
any apparent discontinuity. The cementite forms in the 
austenite and probably in the ferrite-austenite interface 
and produces a plate with jags and holes and with tongues 
and ridges (Fig. 15), projecting into space from the plane 
of the plate. In this way, the bainitic cementite becomes 
distinctly three-dimensional, in contrast with pearlitic 
cementite, which shows a marked expansion only in two 
dimensions. For lower transformation temperatures, 
the ferrite plates are thinner, and the same is true for the 
austenite plates separating them. With lower transform 
ation temperatures, the bainite-cementite becomes finer and 
rather more flattened. As the temperature falls, the for 
mation of cementite follows increasingly closely that of 
the initial ferrite formation, so that the lead of the latter 
is reduced. An increase in carbon content operates in the 
same direction as a fall of temperature. A certain ferrite 
lead remains, however, even at the lowest temperature of 
formation and at least up to eutectoid carbon content 
As distinct from the pearlite, in which both phases, ferrite 
and cementite, appear to grow side by side, the ferrite 
grows in the bainite with a certain lead 

The bainite, or rather the bainitic ferrite, appears to 
form and grow in certain crystallographic planes in the 
austenite. This is not the case with pearlite, in which the 
colonies tend to grow radially, i.c., independently of the 


Fig. 12. Electron photomicrograph of ferrite (dark) and martensite 
(light) in © 18°. C steel after 2 sec translormation at 500°( ( « $000) 
orientation of the austenite. The ferritic lamellae of the 
bainite on cach side of an austenite grain boundary always 
form an angle with one another 

At high transformation temperatures, the bainite in 
the austenite grain boundaries assumes a feathery pattern 
in the section. With falling transformation temperatures 
bainite also forms inside the austenite grains as flattened 
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Fig. 13. Electron photomicrograph of bainite (dark) and martensite 
(light) in 050% C steel after 4 sec transformation at 500°C. (x 7500) 


Fig. 15. Electron photomicrograph of isolated bainite-carbide in 
0:18°% C steel after 16 sec transformation at 550°C. ( « 30,000) 


rods, and at lower temperatures in the form of lancets. 

It does not seem possible to bring these direct observa- 
tions made in this study into harmony with the bainite- 
formation model advanced by Aaronson and others. In 
the view of Aaronson, a carbon-supersaturated ferrite 
first precipitates from the austenite, after which the ferrite 
gradually precipitates carbide in the ferrite-ferrite grain 
boundaries. Despite thorough investigations of this point, 
the present author cannot confirm this statement. 

In the transformation of austenite to bainite at the 
highest temperatures in the 0-18°,C steel, the initial 
precipitation of ferrite covers such a large fraction 
of the section that it must be regarded as a separate 
phase, pro-eutectoid ferrite, and not merely as the begin- 
nings of bainite. Its quantity would be difficult to deter- 
mine, however, since under the microscope there appears 
to be no noticeable difference or boundary between the 
pro-eutectoid and bainitic ferrite. For this reason the 
author has given the name of bainite to the entire trans- 
formation product, including probainitic ferrite. 

At high temperatures the transformation of the 
0°18°,, carbon steel partly yields degenerated pearlite. 
There are considerable resemblances between this type 
of pearlite and bainite in appearance. According to the 
views here presented, they are also similar in their 
mechanisms of formation, as indicated in Figs. 16 and 17. 
In both products, the transformation starts with forma- 
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Fig. 14. Electron photomicrograph of bainite (dark) and martensite 
(light) in 0-50 % C steel after 4 sec transformation at 500°C. ( x 12,000) 


Optical photomicrograph of ferrite and pearlite in 0 18%C 


steel after 16 min transformation at 700 °C. (x 600 


Fig. 17. Ootical photomicrograph of bainite in 0-18°% C steel after 


8 sec transformation at 550°C. ( « 1800) 


tion of ferrite as plates in a Widmanstatten pattern, the 
intervening austenite being at the same time enriched in 


carbon. Later, this austenite changes to cementite and 
ferrite by crystallization of the ferrite on the Widman- 
statten ferrite and obtains the same orientation as the 
latter, whereas the cementite assumes a more or less 
plate-like form. 
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Variable-Speed D.C. Motor Drives employing 
the Xatron 


By A. J. HumpuHrey and K. L. SHriper. (From Power Apparatus and Systems (A.LE.E.), No. 34, February 
1958, pp. 1245-1251, 7 illustrations.) 


THE electronic drive described in this paper is believed to 
be a particularly flexible substitute for the Ward-Leonard 
system. For many purposes it is economically and elec- 
trically better suited to its ultimate use than would be a 
comparable drive employing a rotating converting unit. 
On the basis of space ar.d weight saving it has obtained 
wide acceptance and should eventually, with greater 
production, rival Ward Leonard drives in total instal- 
lations. 

The Xatron drive is available at present in sizes 
between 30 and 100 hp. A standard d.c. motor, having 
480 to 500 V applied to its armature at base speed and 
230 V for field excitation, is used. Armature voltage is 
obtained directly from a 3-phase 440-V line by way of a 
6-phase bridge rectifier. The motor field is supplied from 
a controlled thyratron half-wave rectifier with gas-diode 
back rectifier. All drives are housed in the same basic 
cabinet. 

Standard control functions of dynamic braking, 
reversing, and jog are available on either of two basic 
circuits, i.e., a voltage-control circuit, in which only 
armature voltage is varied, and a voltage and field-control 
circuit, in which a range of speed is obtained by electronic 
reduction of field current to permit weak field operation. 
In the latter, to bring drive up to any preset speed, field 
current is first held constant while armature voltage is 
brought up to a maximum, after which armature voltage 
is held constant while field current is reduced. A single 
reference voltage is brought to a transfer circuit to change 
its function from armature to field control. 


THE XATRON TUBE 


The only wholly new device in the Xatron drive is the 
tube used to convert alternating current to direct current. 
The Xatron tube was designed with the specific object of 
producing a converting device for a variable d.c. supply. 
This meant that the tube was to be designed for phased- 
back or inverter operation rather than for rectifier service 
Many mercury-arc rectifiers are designed for rectifier 
service and then derated for phased-back operation. The 
design principle is quite different in the two cases, the 
Xatron tube being designed thermally and electrically 
for but one current rating. 

Three different tube designs have been produced. The 
earliest was rated at 30 A d.c. average current, and was 
supplemented two years later with a 60-A tube of roughly 
the same design, though larger. These carly tubes were 
free-spot tubes and had a system of baffles between the 
anode and the cathode. Arc drop varied between 16 and 
18 V for full-load current. To design-test the 30-A tubes, 
a half-wave circuit at 36 A average current and 1000 V 
peak inverse and peak forward voltage was used. Con- 
ducting angle was 30 to 40 electrical degrees at 60 cycles 

Only a few of the 60-A tubes were brought out with a 
free spot. It was found that these free-spot tubes were 
difficult to fire when the spot wandered over near the 
glass, and a spot fixer was added to the tube to hold the 
cathode spot steady and to reduce vapour blast from the 
spot. The spot-fixed tubes were found to have a lower 
arc drop than the free-spot tubes, and it was also found 
that much of the shielding between grid and cathode 
could be removed without sacrifice of control character- 
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istics. On the final version of the 60-A tube, arc drop 
has been reduced to 12 V at 60 A measured with direct 
current. The are drop is slightly higher when the tube is 
operating as a rectifier since the spot does not spread as 
evenly over the spot fixer in the latter case 

To take advantage of the lower arc drop obtained 
hrough the use of a spot fixer and to make more parts 
interchangeable between two tube sizes, a new tube in the 
envelope of the original 30-A tube was brought out early 
in 1956. This tube is rated at 36 A and is used in all 
drives up to 60 hp. Design-testing of this tube is done at 
42 A average direct current and 1000 V. These tubes are 
being used to replace any of the earlier tubes which may 
have failed 

Cooling of the Xatron tube is accomplished by 
blowing air over a radiator directly mounted to the 
cathode. The entire bottom of the tube is a flat metal 
plate and serves to carry the heat to the radiator. Since 
cool air contacts the radiator first, the cathode is the 
coolest part of the tube. As the warmed air rises past the 
glass, more heat is picked up at a higher temperature 
Since the tube may occasionally be operated with only 
excitation current, an auxiliary heater in the excitation 
circuit keeps the anode warm, so that a temperature differ 
ential will be maintained between the upper and lower 
part of the tube. An excitation supply of § A is obtained 
from a 3-phase bridge rectifier. This supply has only the 
inductance of the starter magnet as a source of transient 
energy in the event of the spot being lost in the tube. For 
some experimental applications it has been found desi 
able to by-pass even this small inductance with a resistor 
to prevent sudden voltage rise 

Starting of the tube is mechanical. An clectromagnet 
located to the rear of the tube pulls up a small iron flipper, 
breaking a current to the cathode and allowing the excit 
ation arc to be established between a separate excitation 
anode and the cathode. The flipper is mounted on a 
molybdenum rod and has a molybdenum wire on the 
bottom to make the last contact with the mercury 
During tube operation, the flipper is held up by the 
magnet, ready to fall in and restart the tube in the event 
of excitation failure 

Grid power requirements for mercury tubes are very 
similar, irrespective of whether they are thyratrons of 
pool tubes. The pool tubes usually require somewhat 
more grid power, because they are bigger and have morc 
grid area and also because they have more space between 
anode and cathode. Consistent firing to a temperature of 
5 C can be obtained with a $0-microsecond pulse passing 
20 mA to the grid. Grid impedance should be low for 
low-temperature operation but may be higher for an 
equal degree of control at higher tube temperatures 
Resistances of 25,000 ohms have been successfully used 
to control smaller tubes, and 5000 ohms work well with 
the larger tubes 

The upper structure takes full advantage of the well 
known short-path principle to make the tube operate 
despite high mercury-vapour pressure A spacing of 
25 mm is used between the grid and anode and also 
between the shield and anode. The anode shield is carried 
on up around the anode shaft in a concentric cylinder 


terminating in a glass cone. The conical shape of the 
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glass serves to terminate the electrostatic lines of force 
so that there is no long path for discharge even at the 
anode shaft where it leaves the tube. The tube has been 
operated in ambients as high as 60°C and with condensed 
mercury temperatures approaching 100°C. 
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Fig. |. Basic bridge circuit. 

THE Stx-PHASE BRIDGE 

The circuit was designed with stability and fast 
response in mind. It evolved from the selection of a six- 
phase power bridge for rectification of line voltage for 
motor armature control. For a 440-V a.c. line this basic 
circuit eliminates the need for a power transformer 
between the power source and the load. It also permits 
good voltage regulation and fast response to shock loading 
of the drive motor. This is true because Xatron rectifiers 
reach the continuous current-conduction state at a rela- 
tively small percentage of full load. The fact that no 
power transformer with inherent leakage reactance is 
employed makes necessary the use of air-core reactors 
1-ACR, 2-ACR, and 3-ACR, one in each a.c. input lead 
C, B, and A, and located between the circuit-breaker CB 
and the rectifier bridge, as shown in Fig. 1. Actually, 
these reactors serve three purposes, i.e., (1) they limit 
the magnitude of possible fault currents, (2) they reduce 
interference with communication equipment by isola- 
tion, and (3) they reduce spot-quenching during rectifier 
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commutation. This phenomenon is related to the ability 
of the excitation arc in a rectifier to maintain itself at the 
end of commutation. The voltage loss during rectifier 
commutation overlap is not excessive, since the reactor 
inductance is held to a fraction of a millihenry. 

The power-rectifier bridge is composed of six Xatron 
rectifiers /-V to 6-V. Each power tube has its own panel, 
complete with excitation circuit. It is important to note 
that, for a current pulse to pass through the motor arma- 
ture, two rectifiers must conduct simultaneously. In 
Fig. 1, one such possible path would be for electron flow 
from line A through rectifier 4-V, the armature of the 
motor M, and rectifier 1-V back to line C. Thus, rectifiers 
4-V and /-V are conducting at the same time. Owing to 
voltages present in the bridge circuit, rectifier 2-V may 
also be used to return a current pulse 60 electrical degrees 
later to line B. In both cases, rectifier 4-V is conducting. 
Likewise, rectifier 5-V may first conduct a current pulse 
with 1-V and then one with 3-V. It is thus important to 
recognize that each rectifier conducts separate current 
pulses with two other rectifiers in time sequence, the 
determining factors being the voltage present on the 
rectifiers and their grid control. A three-phase full-wave 
bridge therefore has six separate paths for current con- 
duction, and all (excluding fault currents) must pass 
through the motor armature. During one cycle of a.c. 
line voltage, six discrete current pulses are passed through 
the load, each pulse being initiated 60 electrical degrees 
later than the preceding one. Which of the rectifiers are 
to fire and therefore which of the current paths are 
selected is a function of the anode voltage and the grid 
control. It is also important that load sharing among the 
Xatron tubes be maintained, and that current conduction 
be initiated at the proper instant. These demands place 
responsibility directly on grid control, once line-voltage 
phase sequence has been established. 


FIRING CIRCUIT 
Sine-wave voltage firing of mercury-arc devices is not 
too consistent and reliable, unless large amplitude volt- 








Fig. 2. Grid coupling and 
peak-forming network. 




















ages are used. This method requires substantial power, 
especially in the phase-shift control with attendant slow 
response. A more attractive means of control is to use 
negative biasing with superimposed positive voltage 
pulses. By using large voltage pulses, precise firing of the 
Xatron rectifiers is obtained. To permit a rectifier to fire 
and pass current with another rectifier, a positive voltage 
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pulse must be fed to each rectifier at precisely the same 
instant. As mentioned, each Xatron rectifier in the bridge 
circuit actually passes load current with two other recti- 
fiers, one current pulse being 60 electrical degrees later 
than the other. This means that the Xatron rectifier 
common to both must be provided with two separate 
positive voltage pulses for its grid, each phased precisely 
with the firing pulses of the other two rectifiers. To 
furnish control for all six current paths through the bridge 
circuit, a total of twelve grid voltage pulses is needed to 
fire all six Xatron power rectifiers, two for each tube. 
Each of the six Xatron rectifiers has its own negative 
bias(a low-power d.c. supply)and two peaking transformer 
secondaries (Fig. 2). The capacitor connected to the grid 
is the standard high-frequency by-pass capacitor, and the 
small selenium rectifier and resistor reduces a negative 
voltage which tends to cancel the firing voltage peaks. The 
circuitry on the left is that for forming the twelve grid- 
voltage pulses. It consumes approximately 3 W of power 
and starts with a symmetrical but non-sinusoidal single- 
phase voltage at the input to transformer 5-7. The 
secondaries of this transformer and part of the following 
circuitry form three separate single-phase voltages 60 
electrical degrees apart. The voltages are fed through 
chokes 7-L, 8-L, and 9-L, where they charge capacitors 
30-C, 35-C, and 38-C. When the voltage of these capaci- 
tors rises sufficiently, saturating toroids /-PX, 2-PX, and 
3-PX lower their impedance and release the energy in the 
capacitors through the current-transformer primaries 
8-TP to 19-TP, forming 350- to 400-V peaks on their 
secondaries. By using selenium rectifiers in series with 
current-transformer primaries, the saturating toroids are 
able to form voltage peaks on both positive and negative 
charging of the capacitors, the selenium rectifiers deter- 
mining which current transformer primaries receive 
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the energy from the discharging capacitors By 
properly matching the output of the current-trans- 
former secondaries, grid firing peaks are obtained 
for all the Xatron power rectifiers. It is of interest to 
note that any two current transformers whose primaries 
are serially connected and whose output voltage peaks are 
formed simultaneously, such as /0-T and //-7, control 
the coincident iiring of two Xatron rectifiers This 
method of obtaining grid voltage peaks ensures coinci- 
dental firing of the rectifiers. In fact, if one rectifier tries 
to fire and draws grid current, this action imposes a grid 
voltage of higher amplitude on the other Xatron tube 
owing to the current-transformer connection. Peak grid 
current of 20 mA may be drawn on each pulse. Potentio- 
meters //-P and /2-P permit accurate load current 
balance between rectifiers 

It is now obvious that, in phasing the single-phase 
voltage at the input to transformer 5-7, all twelve grid 
voltage peaks may be phased back and forth simultan- 
eously with respect to the rectifier anode voltages, result- 
ing in a continuous control of armature voltage. The 
greater the phase lag, the lower is the output voltage, and 
conversely, the lower the phase lag, the greater the output 


PHASE CONTROL 


Phase control is obtained by the action of the phase 
shift bridge (Fig. 3). Phase shift is obtained by saturation 
of the core of /-SX by the current through the high 
vacuum tube //-V (the main control tube). With //-} 
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practically cut off, minimum saturation exists in /-SX 
and the greatest phase lag exists. This circuit has relatively 
high internal impedance, and considerable voltage dis- 
tortion exists at its output terminals. To overcome this, a 
harmonic filter, comprising an iron-core choke 3-L and 
capacitor 9-C, is connected across the output. While not 
quite at 60-cycle resonance, these components eliminate 
considerable distortion from the voltage waveform. The 
voltage now obtained on capacitor 9-C is fed to tubes 
12-V and 13-V. These tubes are connected as push-pull 
power amplifiers to increase the power level by a factor of 
about nine. Tubes /2-V and /3-V are used as class B, 
power amplifiers, i.e., they are cut off for precisely half 
the time during the negative alternation of the input 
voltage to the tube and are well overdriven, drawing grid 
current during the remainder of the cycle. This action is 
desirable, since input voltage varies in amplitude as it is 
phased, and a constant output voltage to the primary of 
5-T is needed to retain constant wave shape. It should 
be observed that the input to 5-7 supplies power to fire 
the Xatron rectifiers. The phase-shift bridge, therefore, 
controls phase shifting of all grid peaks, and push-pull 
tubes /2-V and /3-V provide the power necessary to fire 
the Xatron rectifiers. The phase-shift bridge has a 
response of about 4 cycles of line frequency, most of this 
being due to an anti-hunt capacitor connected from the 
grid of the main control tube to its plate circuit. The 
choice of a pentode tube for //-V improves speed of 
response, Owing to its high internal impedance. The size 
of the phase-shifting reactor, therefore, may be kept 
small, since power is handled by the push-pull tubes /2-V 
and /3-V. 

It is now quite apparent that motor armature voltage 
is a function of the plate current of tube //-V controlled 
through its grid bias. 


SPEED CONTROL AND FEEDBACK 

In this system, a regulated reference voltage is needed 
to control the output. Such a reference voltage can be 
found across the speed-control potentiometer /-P, which 
presents to the circuit a portion of the regulated voltage 
output of d.c. power supply No. 2. This is speed-control 
voltage and tends to drive the grid of //-V positive by 
charging a capacitor in the linear voltage time unit and 
transferring this voltage to capacitors /6-C and /7-C, 
which are in the grid cathode loop of 11-V. The voltage 
on /6-C and /7-C follows that set by the speed control 
and determines the extent of the phase shift and hence 
the output voltage from the rectifier. This control by 
itself is insufficient to maintain constant motor-armature 
voltage, once it is set, because line-voltage fluctuations 
can directly affect Xatron rectifier output. It is necessary, 
therefore, to include in the grid circuit of //-V a voltage 
feedback (bucking the speed potentiometer voltage in 
polarity) from the motor armature. 

The difference between feedback and reference voltage 
is an error signal to correct output voltage to match the 
reference. Feedback voltage is found on resistor 28-R, 
which is part of a resistor network across the motor 
armature. Not shown in Fig. 3 is a filter network across 
the feedback resistor which reduces the voltage ripple to a 
negligible value, appropriate for inclusion in the control- 
tube grid circuit. The time constant of this filter is 
extremely important, since control-circuit stability 
depends upon it. A time constant of 0-02 sec is achieved 
with the small components needed to filter a 360-cycle 
source. Hence, since the phase-shift bridge No. | has 
fast response, correction for line-voltage disturbance is 
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rapid. Since the starting speed of a motor should be 
controlled, another voltage is added into the //-V grid 
circuit, i.e., the minimum speed control. This control 
determines the minimum current through //-V and, conse- 
quently, the greatest phase lag of the phase shifter. 
Actually, this control is set for motor threshold speed in 
such a way that the armature barely turns over. 

The time reference network shown in Fig. 3 permits a 
preselected rate of application or removal of the speed 
control voltage to the grid of //-V. The current through 
11-V can be varied to give full acceleration in from 2 to 
45 sec. The phase shifter responds to this rate control of 
11-V current and phases back and forth at controlled 
rates. Time-limit acceleration of the motor is in this 
way effected. 


IR-Drop COMPENSATION 


Since the speed of a d.c. shunt motor will usually 
drop with loading, it is desirable to include in the feedback 
control loop a signal which will compensate for this speed 
loss by increasing the rectifier’s output voltage. Resistor 
4-R, in series with the motor armature, provides a voltage 
proportional to motor loading. To obtain good speed 
regulation, the corrective voltage signal to tube //-V to 
accomplish the proper amount of phase shift cannot be 
linear. It is, rather, a signal which increases rapidly at the 
Start, tapering off to a more or less linear slope at heavier 
loading. Since the voltage signal from 4-R linearly 
increases with motor loading, a smaller non-linear signal 
from the output of 3-S.X is added to it, producing a correc- 
tive voltage matched to motor characteristics to be 
applied to the grid of //-V. The combination of these 
two voltages can give speed regulation in the neighbour- 
hood of 1°. For a particular setting of the control, a 
speed regulation of + 24°, over an 8:1 speed range may 
be obtained. Speed of response for /R-drop compensation 
is rather good. For 100°, shock loading, no-load speed 
is regained in approximately 0:3 sec. 

CURRENT LIMIT 

Care must be taken to avoid any possibility of ap- 
proaching the flash-over point of the d.c. motor. If the 
time-limit acceleration control is adjusted for too rapid 
an acceleration, it is possible to exceed safe commutation 
current. This indicates a need for a current-limit control 
which can limit the rate of rise of armature voltage during 
acceleration and thus prevent overloading the motor, 
once speed is attained. 
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Fig. 4. Typical current-limit performance of drive. 

This function is accomplished by shunting a signal 
between grid and cathode of control tube //-V to main- 
tain the motor-load current at a safe level. The signal 
resistor 4-R is again used for the signal source and is 
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amplified through 2-SX to resistors 93-R and 38-R. 
When this amplified output reaches a critical value, 9-V 
passes current and drives the grid of //-V negative. The 
relation between motor speed and loading is given in 
Fig. 4 which shows current-limit control for various 
settings of the current-limit potentiometer. Adjustment is 


provided for controlling load current from somewhat 

less than full load to a little over double load. Current- 

limit acceleration is particularly useful when fast acceler- 

ation is desired and the motor can be operated throughout 

the entire speed range with controlled maximum current 
(Concluded on page 210) 
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An Improved Method of Cleating Radio and 
Similar Components 


By H. E. DeELMAN. (From Philips Technical Review 


CLEATING is a method of riveting widely used in the radio 
and electronics industry. The object is to effect a mech- 
anical joint between two or more parts, e.g., between a 
bush, hub, or nut (the cleat) and one or more plates or 
strips. The cleat has a cylindrical rim which, after it has 
een pushed through a hole in the plates or strips, is 
forced outwards by means of a special tool, thus com- 
pleting the joint. The method is illustrated in Fig. 1. 
Cleating can be carried out in two ways, i.e., by direct 
pressure or by applying pressure with the tool spinning. 
In the spinning method the tool rotates at a speed of 
several hundred revolutions per minute, requiring less 
pressure than the direct pressure method, which is an 
important consideration with brittle material (ceramics, 
plastics, etc.), though it takes somewhat longer to effect 
the joint. 

















Fig. 1. Normal method of cleating, showing (left) components involved, 
and (right) the completed joint. 

(1) Cleat. (2) Rim of cleat. (3) Plate to be joined. (4) Cleating tool 

The requirements of a cleated joint are concerned 
with mechanical strength and appearance. In the process 
of cleating there is a danger that both the strength and 
the appearance of the joint will suffer, owing to the occur- 
rence of cracks in the rim. The cleats are machined from 
steel, brass, or aluminium bar, which are free-cutting only 
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Fig. 2. Section of rim after 
cleating by normal method. 
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after prior hardening. Hardening can be effected by cold 
working, but this in turn reduces ductility and thus in 
creases the likelihood of the rim cracking. For this 
reason the cleats are subjected, after machining, to an 
annealing treatment to eliminate the effects of cold- 
working. It often happens that the stress-annealing 
process gives rise to deformation. If accurate dimensions 
are necessary, the cleats will therefore have to undergo 
further mechanical treatment, such as grinding or reaming 

In view of the extent to which the rim of the cleat is 
plastically deformed during the making of the joint, the 
occurrence of cracks is not surprising 
rim of diameter d = 4 mm (Fig. 1), a radial compression 
of about 15°,, occurs at point A in Fig. 2, and a tangential 
clongation of about 25 At point B there are radial and 
tangential clongations of as much as 70°, and 100 
respectively. The fact that the metal can withstand such 
(by normal standards) large plastic deformation is due to 
the introduction during the cleating process of compres 
sive components which act at right-angles to the tensile 
components. An analogous state is produced in deform 
ation processes such as cold-rolling and riveting 

The first stage in the approach to the problem was 
therefore to design the cleat and the tool in such a way 
as to result in a smaller tangential deformation and, at 
the same time, greater pressure in radial directions. This 
implies keeping the material of the rim more bunched 
together, Consequently, the profile of the tool was modi 
fied, and experiments showed that the profile indicated in 
Fig. 3 produced the best results. It was also found better 
to make the rim of the cleat slightly thicker than before 
Apart from questions of design, various kinds of materials 
and different lubricants were included in the 
ations 


In the case of a 


investig 
In addition, the optimum duration of the cleating 
process was determined and, for the spinning method, the 
optimum speed of revolution 
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Fig. 3 


Old profile (dashed line) and new profile (full line) of clesting 
tool 


The result was an appreciable improvement in the 
appearance of the cleated joints and in their mechanical 
strength, both improvements being achieved without the 
need for the various pre-treatments referred to above, 
and at considerably less cost 





Method of Recording Torsional Vibrations of Internal 
Combustion Engine Crankshafts 


By G. Corsetta. (From L’Ingegnere, Vol. 32, No. 2, February 1958, pp. 121-126, 6 illustrations.) 


TORSIONALLY sensitive pick-ups are usually of the 
seismic-mass type, i.e., they have a seismic mass rotating 
at a practically constant mean value of shaft speed, and 
another mass, rigidly coupled to and vibrating with the 
crankshaft. Vibration is thus indicated as a difference 
between the motion at constant speed and the motion 
with the superimposed vibration. 

In the well-known Geiger torsiograph, this relative 
motion is indicated and transmitted by means of a sys- 
tem of bell-cranks acting in the peripheral and axial 
directions. In another arrangement, the seismic flywheel 
mass is supported radially by two or more flat springs 
fitted into a hub, with wire-resistance strain-gauges on 
the two sides of the springs, so that the vibratory motion 
is indicated by the corresponding bending strains. Strain- 
gauges can, of course, also be mounted directly on the 
shafting, at 45 deg. to the shaft axis, to indicate torsional 
vibrations. 

All the above indicating units have a common fea- 
ture, i.e., they give overall unfiltered amplitudes of the 
resulting vibration at the shaft position considered. This 
overall vibration may include contributions caused by 
cyclic irregularity, as well as vibrations of various orders 
and modes. For an interpretation of the results and to 
obtain the true values of the individual resonance peaks, 
it is necessary, in practice, to make a harmonic analysis 
of oscillogram recordings, or a corresponding output- 
signal waveform analysis with an electronic filter. 

In the governing of hydraulic or steam-turbine plants, 
use is made of instruments which have accelerometric 
and tachometric elements, i.e., they include a rotating 
pendulum, which is sensitive to variations in speed of 
rotation, and a flywheel, which is sensitive to the rate of 


















































change of the variations. These instruments make use of 
the vibrations of a rigidly coupled flywheel disc, instead 
of using the flywheel mounted on a suitable bearing 
arrangement as a constant-speed element. It was there- 
fore considered of interest to develop an instrument of 
the rotating-pendulum type for indication of torsional 
vibrations of engine crankshafts. It is known that pen- 
dulum dampers (with pendulum masses fitted on crank- 
webs) respond: only to the vibration of the particular 
harmonic (multiple of the engine speed) to which they 
are tuned ; consequently a torsiograph operating on this 
principle will indicate only one particular nth order 
vibration, both under forced-frequency and resonant- 
frequency conditions, and will therefore provide a filtered 
oscillogram directly, without requiring a wave analyser 
or numerical harmonic-analysis tabulations. 

This selective torsiograph, as shown schematically in 
Fig. 1, can be made in the form of a carrier disc (2) 
rigidly fitted to the shaft at the measuring position con- 
sidered ; this disc carries on its face one or more I-shaped 
pendulum elements (1), which are pivoted at some suit- 
able distance away from their mass centre. By suitable 
choice of the pivot position (which determines the pen- 
dulum length) and of the pendulum mass, the pendulum 
can be tuned to a particular harmonic order number. 
The I-shaped pendulum (1) is fitted at its centre of sym- 
metry with an electrical contact surface (3) which slides 
over a semicircular resistance (6) mounted on the carrier 
disc (2) in a suitably insulated potentiometer arrange- 
ment (4). The input current and the output signal voltage 
are transmitted through a set of slip-rings (5) on the shaft 
to the appropriate amplifying and measuring equipment, 
e.g., galvanometer or oscilloscope. 


Fig. |. Schematic arrange- 
ment of th: selective torsio- 
graph. 


The response of the in- 
strument is analogous with 
that of a one-mass system 
with a dynamic magnifier 
theoretically corresponding to 
zero damping. However, some 

slight damping is present, thus pre- 
venting excessive swings at reson- 
ance. Calibration can be carried 
out on a rotating-shaft type of cali- 
brator, so that the electrical output 
can be correlated to vibration ampli- 
tude throughout the speed range 
considered. 

If several pendulums, tuned to different harmonic 
orders, are mounted on the same disc, their outputs will 
give the filtered vibration amplitudes of the correspond- 
ing orders. Moreover, a number of such instruments can 
be fitted at various positions in the engine system and will 
then indicate directly the relative amplitudes of the mass- 
elastic system. 
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Applications of Dry-Film Lubricants in Plain Bearings 


By M. H. WEISMAN. (From Machine Design, Vol. 30, No. 3, February 6, 1958, pp. 107-110, 3 illust rations.) 


YRY-FILM lubricant coatings are a relatively new develop- 
nent in the lubrication field, even though their principal 
ngredients have been in use for many years. Such 
naterials as talc, mica, and powdered graphite have been 
sed as solid lubricants for many applications, either in 
he form of dry powders or as additives to conventional 
ils and greases. However, both the dry powder and the 
idditive methods have disadvantages which limit their 
se. 
The major problem with the use of dry powders is that 
f keeping the lubricating material on the working sur- 
‘aces and providing for continuous replenishment without 
excessive waste. Use of the powders in oil or grease makes 
ipplication easier, but their uniform dispersion is not 
i.lways maintained, and this method has limited usage. 

Another approach to the problem has been to mix the 
powders in some form of adhesive or paint-like material. 
A number of such compositions in the form of graphited 
lacquers, talc, or mica-impregnated paints, etc. have 
achieved some success in lightly loaded sliding-motion 
applications. They have not proved satisfactory for highly 
loaded bearings or wearing surfaces, as either the bonding 
material becomes tacky and sticky or it softens and 
smears when the temperature becomes slightly higher 
than normal. In many cases, also, the bonding material 
has poor adhesion and flakes off the bearing surfaces 
during operation. 

Answers to problems of adhesion, temperature resist- 
ance, load-carrying ability, and uniformity and perman- 
ence of application are provided by the development of 
thermosetting resin-bonded dry-film lubricant coatings. 
These coatings consist of dispersions of one or more 
powdered lubricating solids, such as graphite, molyb- 
denum disulphide, lead, tin, or silver, in a suitable 
thermosetting resin. The mixture of solids and resin is 
applied to the desired area of a part, after the area has 
been given a suitable pretreatment. The coating is then 
baked at 250 to 400°F to cure the resin. The resulting film, 
usually less than 0-0005 in. thick, has excellent adhesion 
to the bearing surface, is dry, non-tacky and non- 
smearing at temperatures up to 250 F or higher, and gives 
very satisfactory performance as a low-friction wearing 
surface at high bearing loads. 

Lubrication of plain bearings is one of the major 
potential fields of use for thermosetting resin-bonded dry- 
film lubricant coatings. More extensive use of dry-film 
lubricants has been hindered by lack of a suitable procure- 
ment specification for a product of proven quality, and 
by lack of adequate information concerning performance 
capabilities of dry-film lubricants. It is expected, how- 
ever, that such data will soon become available. 

Test results obtained from a machine specially de- 
signed closely to simulate actual service conditions of 
plain bearings indicate that the factors which affect the 
performance of dry-film lubricant coatings can be dis- 
cussed under four major headings, i.c., (1) coating 
juality, (2) bearing design, (3) handling and assembly 
factors, and (4) service conditions 

(1) Coating Quality Dry-film lubricant coating 
juality and service performance are a function of pre- 
reatment of the surface to be coated, coating application 
orocedures, curing treatment, composition of coating, 
ind coating thickness. 

In general, surface pretreatments, coating application 
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procedures, and curing treatments recommended by the 
major dry-film lubricant producers have proved to be 
satisfactory. Suitable surface treatments for more com- 
mon materials are phosphate treatment for carbon and 
low-alloy steels, sulphuric or chromic acid anodizing for 
aluminium alloys, and grit blasting for hard chromium 
and hard nickel-plated surfaces. The preferred applica- 
tion method for dry-film lubricant coating is spraying, 
but brushing and dipping may also be used. Curing 
treatments of | hr at 300°F for aluminium alloys and | hr 
at 375 to 400°F for steels are generally recommended 

The composition of the dry-film lubricant coating has 
an effect on performance. A particular coating formula 
tion may give excellent performance in one type of 
installation and poor performance in another where 
operating conditions are greatly different 

The thickness of dry-film lubricant coatings was 
found to have a significant effect on performance 
For instance, when testing the wear life of a plain 
bearing, loaded at 39,000 psi, under oscillating conditions, 
optimum performance, with a dry-film lubricant coating 
applied to both rubbing surfaces, was found in the thick 
ness range of 0-00025 to 0-00035 in 

The use of dry-film lubricant coatings on both shaft 
and bearing of an oscillating-motion plain-bearing instal 
lation will increase the wear-life performance two to three 
times over_that obtained if only one of the rubbing sr 
faces is coated 
(2) Bearing Design The design of parts to be used with 
dry-film lubricants has a pronounced effect on the 
lubricant performance, as dry-film lubricants cannot 
easily be added later as an afterthought 

Dry-film lubricant coatings can be easily scraped off 
or abraded by rough surfaces and sharp cutting edges 
Therefore, surfaces which will move in contact with dry 
film lubricants must be smooth and their edges must be 
well rounded 

In the case of mating parts, such as a plain bearing and 
shaft, sufficient clearance must be provided to permit 
assembly without scraping off or otherwise damaging the 
dry-film lubricant coating. Clearance is also necessary to 
permit the wear debris to work its way out of the bearing 
without causing it to bind 
(3) Handling and Assembly Factors Dry-film lubricant 
coated parts must be stored, handled, and assembled 
carefully to prevent the coated surfaces from being 
damaged or contaminated with dirt, oil, grease, etc. If the 
coating has been abraded, scored, or otherwise damaged 
the parts must be rejected, because the currently used 
bonded-resin type of coatings cannot be repaired satisfac 
torily in the field 
(4) Service Conditions Service conditions which most 
seriously affect the wear-life performance of dry-film 
lubricant coatings are (a) the presence of contaminants 
(b) load, (c) operational cycle, and (d) temperature 

(a) The presence of most contaminants will drastically 
reduce the wear-life performance of dry-film lubricant 
coatings. Oil or grease on exposed surfaces will permit 
dirt to adhere and inflict damage 

Oils and greases on such surfaces have another ad 
verse effect. Even though a coated pancl may not show 
any deterioration after immersion for as long as a week 
in an oil or grease, the coating cannot be considered to 
have satisfactory resistance. When the bearing is oper 
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ated under load, the presence of oil or grease will cause 
very rapid failure of dry-film lubricant coatings, either 
because the oil may have a solvent action which softens 
the resin binder, or because the oil may be forced through 
the thin and relatively porous dry-film lubricant coating 
by the load pressure and destroy the bond of the film to 
the pretreated surface. In either event, after a short 
period of operation, the coating appears to have been 
wiped off the loaded rubbing surfaces. 

Water as a surface contaminant does not appear to 
damage properly cured dry-film lubricant coatings. 
However, in certain low-operating-force mechanisms 
where extra power to start is not available, or where 
operation is infrequent, the presence of even a few drops 
of water will, under very cold conditions, freeze the con- 
tacting surfaces together and prevent motion. Silicone 
oils used on the surfaces as a water-repellent have been 
satisfactory when the moisture resulted only from normal 
atmospheric condensation, but have proved ineffective in 
the presence of larger amounts of water. 

(b) The magnitude of the bearing load influences both 
the coefficient of friction and the wear life of dry-film 
lubricants. The effect of load on the coefficient of 
sliding friction is shown in Fig. 1, obtained by oscillating 
the flat ends of steel rods back and forth across a flat 
steel plate. 
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Fig. 1. The effect of bearing load on the coefficient of friction of dry-film 
lubricants. 








Tests represented by the upper curve in Fig. | were 
conducted with the dry-film lubricant coating on the flat 
plate only ; the lower curve shows the results when the 
ends of the rods and the surface of the flat plate were 
coated. When both rubbing surfaces were coated, the 
coefficient of sliding friction remained constant at 0-12 up 
to a bearing pressure of about 15,000 psi, and then de- 
creased with increasing load to 0-05 at 48,000 psi. These 
results have been confirmed by other tests, with coeffi- 
cients of sliding friction as low as 0-03 at loads of 100,000 
psi. Life tests have shown that the coefficient of friction 
remains constant until failure begins. 

The wear life of dry-film lubricants decreases with 
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increasing load. As would be expected, all coatings have 2 
finite life at the very high loads, while at low loads some 
dry-film lubricant coatings appear to last indefinitely. 

(c) Properly applied, good-quality dry-film lubrican 
coatings gradually wear thin until high points of the under- 
lying base material are exposed, causing failure by galling 
due to welding of the base-metal surfaces. These lubri- 
cants appear to exhibit a rather constant rate of wear at a 
given load, the life of the coating being determined by the 
length of travel of one rubbing surface over the contacting 
area of the other. Increasing the angle through which the 
bearing or shaft is oscillated will cause a proportionai 
reduction in the life of the coating. Similarly, if the 
bearing is operated under a constant unidirectional load, 
instead of having the load reversed each half-cycle of 
oscillation, bearing life will be cut in half. 

Some investigators have reported that the speed of 
motion can affect the performance of dry-film lubricants. 
All the tests described here have been conducted at slow 
speeds of from 0-20 to 0-75 sfpm. No speed effect would 
be expected in this range, nor has any been observed. 

(d) Resins of the types which can be used as binders in 
dry-film lubricants differ widely in their low- and high- 
temperature properties. Users should perform extensive 
service or simulated service testing to determine actual 
performance capabilities at various temperatures of 
individual dry-film lubricants. 

Results from the limited number of such tests reported 
up to the present time indicate that temperatures as low 
as —65°F do not seem to affect the performance of ther- 
mosetting-resin dry-film lubricants, except for the matter 
of ice formation previously mentioned. On the other 
hand, performance life decreases with increasing tempera- 
ture, with the extent of the decrease depending principally 
on the temperature resistance of the resin or other type of 
binder used to hold the lubricating additives on the wear 
surfaces. 

There are considerable variations in elevated-tempera- 
ture performance among currently available dry-film 
lubricants. For example, in one set of tests, coated parts 
were exposed to 500°F for varying lengths of time, and 
then tested at room temperature. Exposure times up to 
50 hr had no apparent detrimental effect, but a 100-hr 
exposure to 500°F reduced the subsequent room- 
temperature wear life by one-half. In another test, in 
which the coated parts were tested at 500°F at a loading 
of 25,000 psi, one coating had a wear life only one-fifth as 
long as the normal room-temperature wear life, and the 
500 F performance of other coatings was even poorer. 


CONCLUSIONS 


From this discussion, the following conclusions have 
been drawn : 

(1) For maximum performance and life, dry-film 
lubricants must be of good quality and must be 
properly applied, and the coated parts must be 
carefully handled during storage and installation. 
Plain-bearing installations for use with dry-film 
lubricants must be designed to permit proper 
application of the required pretreatments, and to 
allow for necessary clearances. 

At operating temperatures of less than 250 F, 
plain bearings using dry-film lubricants can 
operate for thousands of cycles at loads of 40,000 
psi and higher. 

The wear-life performance of dry-film lubricants is 
seriously reduced if they are subjected to contami- 
nation or elevated temperatures. 
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THe if NOZZLE MIXING CUTTER! 


The Saffire nozzle mixing cutter is com 
paratively new on the market. Already it is 
an outstanding success: thousands of in 
dustrial concerns now have the Saffire in 
operation. The Saffire nozzle mixing cutter 
is the most advanced of its kind in us 
today. Here are the advantages: greater 
cutting speed greater economy greater 
safety, through greater cutting control 
Consider how the Saffire can increase your 
own production efficiens y! 
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QO. What does it cost to drive 
a1IokW Generator from 
a 14/22 h.p. Armstrong Siddeley 
Aur-Cooled Diesel ? 


$0.01385 (1.175) per kW/hour 


ACTUAL COSTS 
FOR 26065 HOURS RUNNING WERE: % Figure supplied by 
Diesel fuel (less tax: 1178 gals.) . . . ... . . $259.27 Gt. Raymond Paper Co, 


Lubricating oil, filters etc... ......... $81.71 of Lac Briilé, Canada, 
Spare parts (fuel filter assembly). ...... . $20.35 


Fuel consumption (Gals/Hour). ........ 0.44! 





YEARS OF KNOW-HOW: The dicsel engines are manu- 
factured with the same precision as the Hawker Siddeley 





Group’s world-famous aero engines. 


MATERIAL-CHECKED: Armstrong Siddeley experts regu- 
larly visit suppliers of materials and components to check 





on their quality controls. 


PRODUCTION-CHECKED: Engines are taken off the pro- 
duction line at random and given a fifty-hour running 


test. 


THERE 1S NO MORE RELIABLE DIESEL ENGINE. 
Three models: 6-11 h.p., 14-22 h.p., 20-33 h.p. 


Write now for brochures. 











Approved by Lloyds , the Ministry of Supply, the Dutch and Norse Bureaux Veritas 


Armstrong Siddeley 
AIR COOLED QOiesels 


ARMSTRONG SIDDELEY (BROCKWORTH) LTD - HUCCLECOTE - GLOUCESTER 
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British Industrial Developments 








Induction-Heating Equipment for 
Hardening Large Rolls 


New induction-heating equipment, built by Birlec 
Limited, of Erdington, Birmingham, for William Beard- 
more and Company Ltd., of Glasgow, and developed 
jointly by the two companies, has been specially designed 
to simplify and improve the control of the inherently 
difficult process of rehardening the working surfaces of 
rolls used in rolling mills. The use of induction heating 
in this connection has the great advantage of selectivity, 
permitting the work to be heated over a clearly defined 
area and to a predetermined depth, thus eliminating the 
risk of heating the roll necks or distorting their axial 
alignment. 


Designed to handle rolls up to 18 ft overall length and 
up to 32 in. diameter, the new machine supports the work 


vertically between centres. The lower centre is motor- 
driven to rotate the roll slowly during hardening. The 
Structure supporting the upper centre in guides to provide 
for height adjustment also carries slide-ways, on which 
the heating head can be traversed over the length of the 
roll. Heating of the roll is effected by high-frequency eddy 
currents induced by a water-cooled coil, a radiation pyro- 
meter being provided to assist in controlling the temper- 
ature attained. Different coils can be interchanged easily, 
so that the optimum clearance from the work, to give 
efficient energy transfer, can be maintained for any roll 
diameter. With the coil mounting is incorporated a water 
manifold, which is arranged to flood the heated roll 
surface. Thus, heating and quenching operations occur 
in succession, and the hardened zone spreads over the 
desired area as the heating head traverses the length of 
the roll. 

High-frequency power is provided by a 400-kW 
motor-alternator set, operating at 1000 cps. Unity power 
factor is assured by a bank of capacitors, the value of 
which can readily be adjusted by switching. Alternator 
voltage is closely governed, irrespective of load, by an 
automatic regulator of a highly sensitive electronic type, 
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permitting the heating power to be preset at any desired 
level and held constant throughout the operation 
Normal operating procedure involves preheating the roll 
at low power, with the quench-water turned off, followed 
by a single hardening pass over the predetermined zone 
Traversing speed and power level during hardening can 
be set, as required, to produce a hardened surface of 
appropriate depth for each type of roll. A large roll can 
be preheated and hardened in about one hour, and the 
hardness pattern can be controlled within close limits 
with negligible distortion of the complete roll 


Automatic Welding Installation 
for Axle Cases 


Automatic equipment now being used for the welding 
of axle cases at the Birmingham factory of Fisher and 
Ludlow Limited is stated to have reduced average welding 
time to one-eighth of that taken by former manual 
methods on certain thicknesses of material, and to pro 
duce consistent high-quality welds with even penetration 
The equipment, which has been supplied by Quasi-Ar 
Limited, of Bilston, Staffs., consists of two * Unionmelt 
D.S. automatic welding heads, mounted on a runway 
above the jigging, which are traversed at welding speeds 
through a split lead-screw, each end of which has its 
own driving motor, the traverse of the two heads thus 
being independent. Welding current is supplied to the 
heads from two 750-A d.c. power-packs, which incorport 
ate auxiliary d.c. generators for supplying power to drive 
the lead-screws and other controls 

The axle cases consist of two pressed halves which 
are placed together horizontally in the jig, where they are 
held by air-operated, self-locking clamps, which correctly 
align the pressings and hold them tightly together during 
the welding operation. In addition, the same mechanism 
operates curved metal strips which hold the Umionmelt 
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powder on the weld area. These, when closed, are located 
one on either side of the seam of the axle case, to form a 
channel to which the welding composition is fed by 
gravity from the hoppers. This retaining device is neces- 
sary on smaller classes of work, since a sufficient volume 
of welding composition could not otherwise be retained 
on the curved surface of the weld area. 

It is essential that welding should start immediately 
at the extreme edge of each seam, and high-frequency 
current is therefore used for initiating the arc. This 
current is switched on by a master-switch and is auto- 
matically cut off when the arc is struck. The welding 
heads, starting at either side of the centre shaft hole of 
the axle case, traverse outwards, welding the two halves 
of the seam simultaneously. At the end of each run, the 
welding heads trip a switch which cuts off the welding 
current. The gates controlling the flow of welding com- 
position are simultaneously closed by means of a sole- 
noid, also operated by this switch. With one side of the 
axle case completed, the clamps of the jig are released, 
and the case is turned over for welding the opposite side, 
during which time the welding heads automatically return 
to the starting point of the seam. 

The control panel is built into the main frame of the 
jig, and also controls the vacuum melt circulation system. 
Since only a portion of the melt composition is fused 
during welding, when the retaining strips are open, the 
surplus falls into a hopper, so that it can be recirculated for 
use again. 


Test Plant for Diesel Engines 


To ensure that the performance of each production 
diesel engine produced at the new Dunstable factory of 
Vauxhall Motors Ltd. for “ Bedford”’ commercial 
vehicles complies strictly with the output characteristic 
determined during development, an engine, periodically 
selected at random by the Inspection Department, is 
given an exhaustive series of tests on a new dynamometer 
manufactured by The English Electric Co. Ltd., of 
Stafford. The new dynamometer is also used for testing 
petrol engines manufactured by Vauxhall at Luton. 


Ri. 
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The dynamometer itself is a d.c. machine of special 
construction, suitable for high-speed operation. In addi- 
tion to the normal armature bearings housed in the cast 
end-shields, a pair of pedestal-mounted trunnion bear- 
ings is provided, to enable the magnet frame to rotate 
through a limited arc. The magnet frame is connected 
to gravity-controlled weighing gear which gives a direct 
indication on a dial of the torque transmitted through the 
dynamometer. The frame is carefully balanced, and all 
electrical connections are taken out on the underside by 
means of flexible leads designed to allow free movement 
Speed indication is provided by a tacho-generator driven 
through a reduction gear at the commutator end of the 
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dynamometer, a centrifugal cut-out device being used to 
protect the engine and the electrical equipment against 
dangerous overspeed. The dynamometer is directly con 
nected to the engine under test and is capable of absorb- 
ing 150 hp continuously at any speed over a range of 
2500 to 6000 rpm, with a one-hour rating of 175 hp 

Direct-current output from the dynamometer is fed 
to a d.c. absorption motor driving a squirrel-cage induc 
tion generator and a constant-voltage exciter The 
exciter is level compound-wound and provides power 
for the contro! circuit, in addition to feeding the field 
supplies of the dynamometer and absorption motor 
With this arrangement, the bulk of the test-engine output 
is recovered and is fed back into the works a.c. supply 
by the induction generator 

The main control cubicle is adjacent to the motor 
generator set in a separate room and contains the direct 
on-line contactor starter for the generator, the motorized 
field rheostats for the dynamometer and absorption 
motor, and the contactors, relays, and associated com 
ponents required for the Ward-Leonard circuit. Controls 
for the dynamometer are incorporated in the operator's 
control desk, together with engine instrumentation and 
controls supplied by Heenan and Froude Ltd., who also 
supplied the fuel-metering cabinet and engine supports 


Printed Full-Scale Outline Drawings 
of Standardized Die Sets 


The first of a series of printed full-scale outline draw 
ings, covering the range of their most popular standard 
ized die sets, has been produced by Desoutter Bros. Lid 
of London, N.W.9, the purpose of the scheme being to 
assist in speeding up drawing production in jig and tool 
drawing offices. Thus, after a press-tool drawing has 
been completed, the draughtsman has merely to select 
the most suitable die-set shape, position it under his 
drawing, and trace off. Alternatively, the die-set shape 
may be traced first and the press-tool design draughted 
within the shape. In addition to providing a direct guide 
to Desoutter die-set shapes and sizes, leading specifica 
tion details of the set are seen at a glance, together with a 
list of die spaces available in the particular die-set range 

The drawings, which are available free of charge, at 
present cover most types with die spaces up to $2 in. dia 
meter for circular types, 8 34 in. and 6} $4 in. for 
rectangular types, and 7 5 in. for square types. Alto 
gether, 13 sheets, covering 30 different sizes, are imme 
diately available. Outlines for the larger die sets will be 
ready for distribution very shortly 


Wire-Straightening and Cutting-off 
Machine 


A new wire-straightening and cutting-off machin 
the WRM.20, manufactured by Malmedic, of Dusseldorf 
is announced by the U.K. representatives, Stuart Davis 
Ltd., of Coventry The machine, which is eminently 
suitable for the high-speed production of straightened 
and cut steel rod with a maximum tensile strength of 44 
tsi, can be used with wire diameters ranging from about 
} to ] in., straightening speeds bring 200, 300, or 400 fpm 

In operatien, the wire runs from the coil into the in 
feed rollers, where rough pre-straightening takes place 
The wire is then gripped by pull-out rollers just in front 
of the cutting-off mechanism. The cutters are housed in 
two rotating cutter bodies moving in an inverse direction 
to one other, the cutting operation being regulated by 
an clectromagnetic clutch, operated through a cam. Th« 
controlling impulse is given through the length-measuring 
device, which is infinitely variable to the entire cutting 
range of 9 ft minimum to 64 ft maximum length. Th« 
measuring rollers, which are in contact with the wire, ar 
housed between the straightening spinner and the pull! 
out rollers. The machine straightens the wire on the 
rotating-spinner principle, and the rotor and the maim 
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drive have separate motors, individually controlled by 
push-buttons. 

A feature of the machine is that it has been designed 
so that, as desired, it can be supplied without the rotating 
spinner and fitted with horizontal and vertical straighten- 
ing rolls. In addition, it can be fitted with a bundling 
bench to suit the lengths of cut rod. 


Bituminous-Epoxy Protective 
Coating for Metal and Concrete 


A new bituminous-epoxy protective coating for metal 
and concrete surfaces, developed by Wailes Dove Bitu- 
mastic Limited, of Hebburn, is stated to combine the 
waterproofing properties of coal-tar pitch with the resis- 
tance to chemical attack and corrosion of epoxy resins 
The material is said to have excellent adhesion to both 
metal and concrete surfaces and to be able to withstand 
exposure to acids, alkalis, oils, fats, and many other 
corrosive chemicals. At the same time, the coating, 
designated ** Epimastic”’’, is claimed to have excellent 
resistance to shock or to abrasion and other forms of 
mechanical wear. It can be applied to almost all types of 
industrial equipment requiring surface protection, and 
retains its properties over long periods. 


Ultra-Fine Filtration Units for 
Industrial Oils 


Specially designed for continuous ultra-fine filtration 
of industrial oils, petroleum products, etc. down to 2 
microns, the Schlegel filters, models F.1 and F.2, an- 
nounced by Liquid Systems Ltd., of Croydon, are small, 
compact units in relation to their output capacity (66 and 
132 gallons per hour respectively) and are simple and safe 
to operate. A particular advan- 
tage of these units is that the 
filter elements cannot become 
clogged by accumulations of dirt, 
even after long periods. This is 
achieved by the use of a special 
filtration aid which is added to 
the filter chamber and which is 
floated onto the filter elements, 
forming a sponge-like covering 
which absorbs impurities from 
the liquid. When the filter pres- 
sure eventually reaches a certain 
degree, the filter is removed and 
cleaned, and a new charge of the 
special filtration aid is added. 
Model F. 1 has one filter 
chamber and model F.2 has two 
chambers, mounted on a base 
with an electrically driven oil 
pump. Each filter chamber is 
fitted with an inlet and outlet 
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valve, a flow indicator, and a pressure gauge which 
indicates when the filters require cleaning. A remote 
warning device can be supplied, if required The 
filter chambers contain easily removable filters, con- 
sisting of a series of two-way filter elements made of a 
special synthetic filter material which has a service life of 
several years. Between the filter pads are pivoted arms 
which remove the accumulated residues on the filters in a 
few minutes. The units are fitted with a device on which 
the filter element is placed for cleaning. One complete 
turn of the filter removes all residue completely. The 
illustration shows the Schlegel model F.2 unit with (left) 
the filter elements removed from one chamber and in 
position, ready for cleaning 


Several of these filters can be fitted in parallel in cases 
where a greater output capacity is required. If desired, 
they can be supplied without a feed pump for incorpor 
ation into existing circulating systems. Portable models, 
fitted with two flexible metal hoses, are also available 


Four-Cylinder High-Speed Diesel 
Engine for Vehicles and Industrial 
Applications 


A new small four-cylinder, high-speed diese! engine 
combining the advantages of diesel-engine power and 
economy with the speed and flexibility of the petrol 
engine, is announced by F. Perkins Lid., of Peterborough 
This new 1°6-litre diesel engine, designated the Four 
99 "is compact and weighs only 320 Ib. It develops 43 
bhp at 4000 rpm for automobiles, and 42 bhp at 4600 rpm 
for vans and trucks ; an industrial version, rated at 32 to 
35 bhp at 3000 rpm, is also available 

Field tests have been carried out on a number of 
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which the compressed gas is separated 
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British and foreign cars fitted with these engines, and 
also on a number of British taxis and vans, with successful 
results. Thus, for instance, a Vauxhall Velox was found 
to average 56°6 mpg at an average speed of 34-8 mph, and 
a Ford Consul 50-8 mpg at an average speed of 34-7 mph, 
while a Bedford C.A. van with a 15-cwt load completed 
over 100,000 miles on a high-speed track, consistently 
lapping 56 mph with an average fuel consumption of 37 
mpg. In addition, it has been found that the cruising and 
top speeds of cars fitted with this engine have proved 
equal to those of similar cars with petrol engines. A 
top speed of well over 80 mph has been obtained with 
some cars, while tests on Beardmore Mark 7 taxis have 
given average fuel consumptions of 36 mpg, i.e., about 
half that of petrol-engined cabs engaged on identical 
work. 

In the * Four 99 ” engine, which, in the illustration, 
is shown in longitudinal section (left) and transverse 
section (right), an entirely new, patented combustion 
system has been adopted, specially designed for the 
smaller size of cylinder employed. The upper part of the 
combustion chamber is hemispherical in shape, and is 
machined into the cylinder head. The lower half of the 
chamber is formed by an inserted machined plug, which 
contains the throat or oval port connecting chamber to 
cylinder. Fuel is injected into the combustion chamber by 
means of a pintle-type nozzle. During the greater part of 
the compression stroke, air is transferred into the cham- 
ber from the cylinder vertically upwards through the oval 
port, and produces swirl in the chamber, moving trans- 
versely across the nozzle. In the later stages of compres- 
sion, the direction of air transfer is gradually changed 
from vertical to horizontal. When combustion is about 
to begin, the final part of the air is transferred violently 
from the head, through specially shaped passages mach- 
ined in the head and chamber insert, horizontally into 
the combustion chamber, to promote considerable 
turbulence in the mixture of fuel and air already present. 
By this means, complete combustion is promoted and 
the maximum possible quantity of air is utilized 


Control Valve with Rubber 
Element 


It is announced by Neldco Processes Limited, of 
Ashford, Middlesex, that the Sala control valve, which is 
well known in other parts of the world, is now available 
in the U.K. 

The Sala valve makes use of a rubber element which 
can be constricted to produce a circular orifice down to a 
very small fraction of its full area and gives a Venturi 
flow pattern ; as a result, friction losses are stated to be 
lower than those of any other valve. The low friction 
occasioned by the streamlined flow through a circular 
orifice, coupled with the cushioning action of a very 
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thick rubber wall, provides exceptional abrasion resist- 
ance and results in negligible maintenance costs. Further 
more, when used for abrasive slurries and pulps, it has 
the advantage, compared with conventional pinch valves, 
that the flow of materia! cannot build up and plug the 
valve. In fact, blocking is virtually impossible 
Adjustment of the diameter of the orifice is controlled 
by hydraulic pressure, which can be derived from a source 
mounted on the valve itself or remotely located. As the 


diameter of the valve is proportional to the pressure 
exerted on the rubber bushing, a pressure gauge can be 
used to determine the relative setting of the valve in cases 
where one or more valves are arranged for remote control 
from a central point. 


Breech-Loading Cartridge Hammer 


Featuring breech-loading of the fastener and cart- 
ridge into the barrel, the new model T.6 * Tornado 
cartridge hammer announced by the Tornado-Ramjet 
Division of Roura & Forgas Limited, of London, W.1 
does not require removal of the barrel for reloading after 
each fix, and has been designed for operators with little 
mechanical aptitude. Thus, there are only six main com- 
ponents, which can be dismantled easily and quickly for 
cleaning, etc., without the need for spanners, and main 
tenance has been reduced to an absolute minimum 
Automatic ejection is not incorporated, thus eliminating 
the problem of dust interfering with the automatic mech 
anism, spent cartridge-cases being simply and speedily 
removed by manual ejection 


The tool, which is 13 in. in length and weighs 6} Ib 
is well-balanced and enables fixings of |, &. or } in. dia 
meter to be made with the one hammer, at a rate of over 
60 fixings per hour in concrete, brickwork, and steel! 


Polyethylene-Lined Rubber Hose 
for Concentrated Mineral Acids 


A new polyethylene-lined rubber hose for the convey 
ance of concentrated mineral acids has been developed 
by the Dunlop Hose Division, of Team Valley, Gates 
head. The hose, designated “ Valithene is stated to 
represent an important advance over stainless-steel of 
rigid polyethylene pipe-lines on account of its flexibility, 
and a wide range of applications, especially in the chem: 
cal industry, is envisaged, including temporary pipe lines 
lead-pipe replacement in chemical plant, chlorine water 
plant pipes, pipe-lines for dye stuffs, pharmaceutical and 
fine organic chemical plant, and the conveyance of liquid 
foodstuffs, wines, spirits, and soap detergents 

The hose is available in sizes from 4 to 3 in 
and lengths of up to 60 ft. Working temperatures should 
in general not exceed 60 C, although very-low-pressure 
steam may be used for cleansing, provided that the other 
end of the hose is open to the atmosphere 
working pressure is 50 psi. 
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Clean Rooms for the Assembly of Electrical and Mechan- 
ical Instruments. 

By H. G. Harris. (From a paper presented at a meeting 
of The Institution of Mechanical Engineers, London, 
April 11, 1958, 11 pages, 6 illustrations.) 

THE acquisition of contamination during assembly and 
use is nowadays reduced by improved assembly condi- 
tions and processes and by design for total enclosure. 
This trend applies to almost all classes of engineering, but 
has in recent years become notably important in the field 
of instruments for the control and guidance of aerial 
vehicles such as missiles and satellites. In this field pro- 
gress in precision of manufacture and in provision of 
stable materials has been such that contamination has 
become one of the major impediments to the proper 
functioning of instruments. 

It is the object of this paper to outline some of the 
ways in which this problem is being met by the provision 
of special clean areas for instrument assembly. The paper 
summarizes modern practice in the planning, design, and 
operation of clean areas in a manner which it is hoped will 
provide guidance to those hav‘ng to build or operate such 
areas. Mention is made of ways in which the design of 
components and equipment can assist clean assembly, 
and the hope is expressed that the technology of clean 
assembly may be put on a more rational basis by means 
of a scientific study of the ways in which contamination 
can enter and disturb instruments and mechanisms. 


The Growth of Metal Whiskers in the Solid Phase. 

By J. Franks. (From Acta Metallurgica, U.S.A., Vol. 6, 
No. 2, February 1958, pp. 103-109, 5 illustrations.) 
MeTAL whiskers have been grown in the solid phase from 
bulk material, they have been deposited from the vapour, 
from the vapour formed during a vapour-phase reaction, 
and they have been grown by electrode position. 
Whiskers of tin, cadmium, indium, and zinc have been 
grown from the bulk material, usually in the form of an 
electroplated layer about 5 microns thick on a steel base 
The whiskers may be a few microns in diameter and are 
rarely more than | mm long. The earliest whiskers grew 
spontaneously over a period of about a year, but the rate 
of growth may be greatly accelerated by using the method 
of Fisher, Darken, and Carroll. In this case the terminal 
length may be attained in | hr or less. Silhouettes taken 
by electron microscopy during the growth of whiskers on 
tin-plate have shown that the whiskers grew from the 
base, irrespective of whether the material was free or 

under compression. 

Several materials have recently been obtained in the 
form of thin, single-crystal filaments, with elastic pro- 
perties approaching those predicted for perfect single 
crystals. In the work described in this paper, Fisher's 
technique for growing tin whiskers at an accelerated rate 
by applying pressure to an electroplated layer of tin is 
used to study qualitatively the conditions under which 
whiskers grow. 

Investigations were made of the growth of whiskers 
from clamped tin-plate, and it is shown that general 
extrusion must be inhibited for whisker growth to occur 
If whiskers are removed after they have reached their 
terminal length, whiskers may grow subsequently on the 
same sites. Whiskers grown at temperatures up to 190°C 
in vacuum are similar to those grown at room tempera- 
ture. Near this temperature existing whiskers collapse on- 
to the surface from which they grew and further growth 
does not occur. In the presence of oxygen, whiskers grow 
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thicker and longer at 215°C than at room temperature 

A dislocation model has been developed which ex- 
plains the known features of whisker growth. Its chief 
features are that the whisker-generating dislocations move 
by glide, while the material of the whisker is supplied by 
diffusion. Dislocations may be produced in the whisker 
by the mechanism, but they are not an essential part of it 


Size Reduction of Airborne Transformers. 

By R. E. Lee. (From Applications and Industry (A.1.E.E.), 
U.S.A., No. 34, January 1958, pp. 372-376, 6 illustra 
tions.) 

Size and weight are very important design factors for 

airborne electronic equipment. One very effective way of 

reducing the weight of electronic equipment is to reduce 
the weight of the power transformers, and much progress 
has been made in this direction since World War Il. Thus, 
in 1950, 17 Ib were saved in one radar set by redesigning 
the transformers to use improved oriented-stee! cores 
representing a saving of 40°, of the transformer weight of 
this equipment. Greater savings of space and weight are 
still possible through improved transformer design 

In this paper the methods for transformer size reduc 
tion are enumerated and analysed. Sample designs which 
illustrate some of the most promising techniques are 
described. !t is demonstrated that transformer size and 
weight can be greatly reduced, the best results being ob 
tained when all the factors affecting size and weight of the 
design are considered 

Experience has shown that usually the transformer 
size can be reduced to less than one half the size now 
used if a higher heat density can be allowed in the smaller 
transformer. This paper also shows how higher heat 
density can be used when better cooling or high-tempera 
ture insulation is employed. The techniques described 
make it possible to produce lighter airborne clectronx 
equipment without sacrificing performance or reliability 


Dead-Weight Stresses in Piping Systems and their Inclu 
sion in Thermal Stress Analysis. 

By J. F. Poynor. (From an advance copy of a paper 
submitted to The Institution of Mechanical Engineers 
London, April 1958, 17 pages, 13 illustrations.) 

With the increase in temperature and throughput of 

some petroleum refining and petrochemical processes 

such as catalytic cracking, large-bore piping at 600 to 

950 F has become increasingly more common. It is usual 

to analyse these pipes for thermal stresses by a formal 

analysis, two of the best known methods in use being the 

Meyer-Hovgaard and the grapho-analytical 

The author has found that these methods in their 
present form, dealing solely with thermal expansion, are 
sometimes inadequate when applied to high-temperature 
large-bore piping, as found in modern oil-refinery instal 
lations. The layout of large bore lines in practice usually 
routes them close to vessel steelwork and the main pipc 
racks ina unit. In most cases, this existing steelwork may 
easily be utilized to accommodate counterweights and 
other types of support. Under these conditions the dead 
weight stresses may casily be kept to a very low value 
and simple approximate checks only are required. How 
ever, with high-temperature, large-bore piping cases arise 
where the dead-weight stresses must be accurately 
analysed 

This paper is a development of both the Meyer 
Hovgaard and the grapho-analytical methods and details 
a method of accurately analysing the dead-weight stresses 


205 





FILLING IN... 


Whatever you require in earth-moving 
equipment, it is well to remember Wards 
might have it. For Wards hold large 

stocks of new and fully reconditioned 
tractors, excavators and all their ancillary 
equipment. In addition there is a 

large range ready for immediate despatch of 
essential equipment such as compressors, 
dumpers, generating sets and the like. 


Fowler Challenger 3 Tractor 


---or TAKING OUT 


Wards offer immediate delivery of most 
types of hand-operated, power and 
portable pumps, in all capacities both 

new and reconditioned. “Reconditioned by 
Wards” means that the machine has been 
rigorously inspected by qualified 

engineers and reconditioned and tested 

by experts to give a high standard of 
performance and dependability. 


Medium Pressure Centrifugal Pump Type Sigma S.0.G.S.M. 


% The Albion Machinery catalogue published twice yearly 
by Wards gives details of thousands of items held 

in stock. It has a section for Contractors’ Plant and a 
section for Pumps. Ask to be put on the mailing list. 


SERVING INDUSTRY AROUND THE WORLD. THOS. W. WARD LTD ‘ 


Dept. E. ALBION WORKS - SHEFFIELD «© ENGLAND 


London Office: BRETTENHAM HOUSE - LANCASTER PLACE - STRAND ~~ LONDON - 


A75 THE ENGINEERS’ DIGEST 





in piping systems. Both the uniformly distributed weight 
of the pipe and its insulation, and point loads such as 
valves, are considered. The effects of constant-support 
spring hangers or counterweights are also included in the 
analysis. The Meyer-Hovgaard and grapho-analytical 
methods have been extended to deal with the dead-weight 
of both straight and curved pipe, and the effects of the 
flexibility and stress intensification factors for bent pipe 
may be included. For large-bore, high-temperature pipes, 
the dead-weight analysis may be included as an integral 
part of the thermal analysis for the pipe, using the same 
flexibility coefficients as for a normal thermal analysis. 

Tables of dead-weight constants have been derived, 
which, for a dead-weight analysis, replace the normal 
thermal-expansion constants. An example is given of a 
three-dimensional 24-in. pipe at 950 F subjected to 
thermal expansions and its own dead-weight. Suitable 
support for the pipe is considered in the analysis 


The Prospects for Magneto-Aerodynamics. 

By E. L. Rescer, Jr. and W. R. Sears. (From Journal of 
the Aeronaticual Sciences, U.S.A., Vol. 25, No. 4, April 
1958, pp. 235-245, 258, 7 illustrations.) 

IN this paper, the equations describing the flow of an 

electrically conducting fluid in the presence of electric and 

magnetic fields are given with the aid of certain simpli- 
fications appropriate to aeronautical applications. In 
order to estimate the probable significance of magneto- 
aerodynamic effects, some data on conductivity of pure 
and “seeded” air are first examined. Dimensionless 
quantities representing the ratios of forces and of cur- 
rents are then formed, and their values studied for 
conditions of flight in the atmosphere 

Some examples of magneto-hydrodynamic and mag- 
neto-gasdynamic effects in simple flows are given. These 


include two cases of Poiseuille flow of conducting liquids 
with applied magnetic fields and the case of quasi-one- 
dimensional 4" flow with applied electric and magnetic 
fields. In the last case, attractive possibilities are found 
for controlled acceleration or deceleration of gas at sub- 


sonic and supersonic speeds, even in constant-area 
channels. The behaviour of the flow is characteristically 
different in different régimes of Mach number and flow 
speed relative to certain “ significant speeds’, that are 
dependent on the ratio of electric to magnetic field 
strengths. These are studied, and a chart is constructed 
to relate the length to the speed ratio of a maximum- 
acceleration constant-area channel 

It is concluded that the advantages that may accrue 
from magneto-aerodynamic methods are sufficiently 
attractive to justify the considerable research and engi 
neering development which will be required. Among the 
unsolved engineering problems are the reduction of sur 
face resistance of electrodes in contact with a conducting 
gas, development of techniques for seeding, and provision 
of the required magnetic fields in flight. In this connec 
tion, the problem of the development of magnets which 
are powerful enough to provide the required fields and 
yet light enough for use in flight is a serious one 


The Measurement of Surface Moisture. 
By P. J. Serepa. (From ASTM Bulletin, U.S.A., No. 228, 

February 1958, pp. 53-55, 6 illustrations.) 
WIDE variations in corrosion rates, attributed to local 
climatic conditions, have been observed, and efforts have 
been made to measure and define the factors responsible 
for them. It is an accepted fact that moisture plays an 
important role in all manner of deterioration and corro- 
sion. A prime factor in the corrosion of metals is the 
persistence of free and even absorbed moisture, corres- 
ponding to high relative humidity, on the surface of the 
exposed metal specimen 

Although various attempts have been made in the past 
to measure and record the length of time that moisture 
persists on the surface, the work has usually been effected 
on a surface other than the corroding metal surface 
Since the physical characteristics of the metal specimen 
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influence the presence and persistence of moisture on its 
surface, it was considered that the measurement should 
be made on a specimen identical with the one on which 
corrosion is being observed. 

The method for measuring surface moisture presented 
in this report is based on a suggestion made by LaQue 
It involves the measurement of the potential developed 
between a corroding metal specimen and an electrode of 
platinum placed in immediate proximity, surface moisture 
serving as the electrolyte for the cell 

As described in this paper, a method has been deve 
loped which can detect the presence of surface moisture 
on metal panels exposed to outdoor conditions. The 
sensitivity of the element can be varied so that traces of 
moisture on the surface, as in the case of dew or snow at 
low temperature, can be differentiated from gross mois 
ture, as occurring during a period of rain. Finally, it ts 
quite certain that the presence of SO, in the atmosphere 
can be detected by an increased maximum potential 

It has yet to be shown how the measured potential 
developed by surface moisture relates to the rate of cor 
rosion of the metal. Work is now under way to determine 
whether any relationship exists between the area under 
the potential time curves and the rate of corrosion of the 
metal. It is hoped that the areas under these curves for 
any two periods will have the same ratio as the hours of 
wetness, as indicated by the element having the same 
sensitivity. If this turns out to be the case, an attempt will 
be made to develop a simple recorder to give merely the 
hours of wetness, using these sensing clements 

The record of hours of wetness resulting from all 
manner of precipitation should be of great assistance not 
only to those studying the corrosion of metals but also in 
the evaluation of the results of deterioration of coatings 
and especially the correlation of results from accelerated 
ageing tests with actual service performance 


The First Year of Operation of a Cyclone-Fired Boiler, 
By R. P. McCuttocn, J. Ro. Wittetrs, and A. Richarp 
SON (From a paper presented at a meeting of 7he 
Institution of Mechanical Engineers, London, April 
25, 1958, 13 pages, 6 illustrations.) 
IN this paper, an account ts given of experiences during 
the first year of operation of the first cyclone-fired boiler 
to be commissioned in Britain. This boiler ts installed in 
the power station of a large works producing non-ferrous 
metal, and steam conditions are 950 psi at 925 F oat the 
boiler stop-valve, and 999 psi at 900 F at the turbin 
stop-valve 
The works site ts situated in a densely populated res 
dential area of Birmingham, and the power station i 
in a built-up section of the works, so that extensions to 
the plant had to occupy the minimum ground area in 
relation to their capacity. As the nearest house is only 
some 100 yards from the power station, especial attention 
had to be paid to emission of flue dust and the disposal of 
fly ash. After full consideration of the accepted methods 
of firing boilers, t.¢., chain-grate stoker, spreader, stoker 
pulverized-fuel, and cyclone, the cylcone-fired radiant 
type boiler was chosen 
The paper details the reasons for the choiwe of the 
cyclone-fired boiler and its relation to the plant previously 
installed, and discusses the carly operational difficulties 
and the actions taken to overcome them. The results of 
official tests are given, showing that the boier efficiency 
is over 88". on the gross calorific value and that efficien 
cies of this order are being regularly attained in com 
mercial operation. The performance of several widely 
differing coals in the cyclone is described, and various 
factors which affect their suitability for burning in a 
cyclone are discussed 
The conclusion is reached that, after some teething 
troubles, the boiler is now giving even a better commer 
cial performance than was envisaged at the time of ite 
inception and that the chowe of such a unit has heen 
completely justified 
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| New Materials, Processes, and Equipment 








HEAVY-DUTY AIR COMPRESSORS WITH 
DYNAMIC BALANCING 

A new range of heavy-duty horizontal air com- 
pressors embodying balanced opposed design has been 
introduced by the Consolidated Pneumatic Tool Co. 
Ltd., of London, S.W.6. Designated Class FE, the new 
range covers outputs up to 5000 cfm at low pressures, with 
correspondingly decreased outputs up to 3000 psi. For 
normal shop use at 100 psi, compressors with outputs 
from 1500 to 4000 cfm are available. Model FE-42, 
with an output of 3000 cfm at 100 psi, is illustrated. 


Among other advantages, these compressors are 
stated to have high efficiency, compactness, easy accessi- 
bility, and greatly reduced vibration, as a result of dyna- 


mic balancing. This dynamic balance has been achieved 
by placing cylinders with equal reciprocating weights on 
opposite sides of a frame, with pistons driven by a double- 
throw crankshaft and cranks 180 deg. apart. Cranks are 
arranged in pairs on the shaft and each pair is placed 
between two main bearings, reducing the piston offset 
required and holds the magnitude of the couple to a 
minimum. Advantages arising from this arrangement 
include a greatly reduced load on the main bearings, the 
piston loads produced by the air or gas pressure in each 
cylinder being offset by each other. 

Salient constructional features include a fully stress- 
relieved crankcase frame, large crankcase access Openings 
with light-weight aluminium covers, and individually 
cast Meehanite crosshead guide housings. Full force- 
feed lubrication to the bearings, crosshead pin, and 
guides is maintained at a pressure of 40 psig by a positive- 
displacement rotary-type pump driven from the end of 
the crankshaft through a flexible coupling and spiral 
gears. A hand-operated lubricating-oil pump for flooding 
the bearings before starting up is also provided. A separ- 
ate mechanical lubrication system feeds a controlled oil 
supply to the cylinders and piston-rod packing 


XENON-FILLED TRIODE THYRATRON 
WITH DISC SEAL CONSTRUCTION 

A new xenon-filled triode thyratron, type XR1-6400A, 
utilizing the disc-seal type of construction usually associ- 
ated with u.h.f. communications valves, has been intro- 
duced by Mullard Ltd., of London, W.C.1. The valve, 
which is a plug-in replacement for the American type 
6807, is rated at 6:4 A average and 80 A peak cathode 
current, with a maximum inverse anode voltage rating of 
1500 V. The control characteristic is negative over the 
working range 

As distinct from conventional designs, the grid 
structure of the XR1-6400A is at the centre of a large 
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disc, which is sealed into the glass envelope above the 
heater-cathode assembly and parallel with the base. The 
edge of the disc protrudes beyond the envelope, connec- 
tion to the grid pin being made by a copper strip running 
externally down to the base. The anode—a dish-shaped 
electrode carrying the connecting cap—is sealed to the 
top of the envelope. 

This type of construction has several advantages 
Thus, the grid is supported rigidly from the sides of the 
envelope and not from the foot, as in conventional 
designs, thereby making for greater mechanical strength 
and more consistent performance. Furthermore, the 
entire structure is extremely simple and is therefore more 
reliable, while the grid forms an effective shield across the 
anode-cathode discharge gap and prevents spurious long 
path voltage breakdown between the cathode and anode, 
providing a greater safety margin on voltage limits. In 
addition, since the entire upper surface of the anode and 
part of the grid are exposed to the air, cooling is greatly 
improved, and grid emission current and the possibility 
of arc-back from the anode are reduced, while the need 
for extra heat shields between the anode and grid and 
between the grid and cathode is eliminated, thus simpli 
fying still further the structure of the valve 


AUTOMATIC WELDING EQUIPMENT 

Embodying a control system which is more sensitive 
than that of existing methods, the ** Autopak “ automatic 
welding equipment announced by Rockweld Lid., of 
Croydon, Surrey, is a robust, versatile machine for the 
fabrication shop Portable and easily operated and 
maintained, it can be used as a manual welder and can 
also be extended to any fully automatic application 
When not employed in running automatic submerged -arc 
welds, it is available for hand welding with ordinary 
coated electrodes 


The automatic control equipment employed consists of 
components associated with the transformer and used to 
feed and control the automatic welding head. There are 
two items of control used, ic, the control unit itself 
and the welding circuit contactor panel. There are no 
clectronic components. An adaptation of the twin-motor 
control system has been adopted for a drive unit for the 
welding-head carriage. This form of drive provides a 
25:1 continuous speed variation. Irrespective of the 
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With steadily-rising labour costs, 
every non-essential operation 
along the production line assumes 
increasing significance. One of 
these recurring operations has been 
the precision thread-cutting of 
screw holes, which, in assembly, 
have (equally precisely) to be 
registered together. 


But the tapping, self-locating 

screw eliminates all this, and 
permits assembly by less-skilled 
labour. And the cross-recessed 
head version is designed for use 
with power-drivers — without a 
scratch of damage to worker or job. 
The tapping screw is demonstrably 
quicker — cheaper — stronger 
safer than the conventional machine 
screw. 

Such plain advantages pay such 
handsome dividends! 


tapping screws 











SLOTTED AND PHILLIPS RECESSED HEAD MACHINE SCREWS AND TAPPING SCREWS e HIGH TENSILE HEXAGON HEAD BOLTS AND 
@ CUSTOM DESIGNED COLD FORGED FASTENERS 


THE ENGINEERS’ 








DIGEST 


speed of traverse selected, starting is smooth and fast, 
ensuring a clean start to the weld. The well-protected 
welding head has been designed to take continuous wire 
feed, when powered by the Autopak transformer, and 
is intended mainly for submerged-arc welding. The 
standard head and rolls take 4, 4, &, &, and } in. 
diameter bare coppered steel wire. Special rolls can be 
fitted to accommodate other processes and wires. 

Two Autopak transformers can be connected in 
parallel by means of plug connections on a single cable, 
to provide a current output to the welding head of 1300 A. 
This means that a user can initially obtain an Autopak 
installation with a single transformer suitable for double- 
hand operator welding only, but at a later date can add 
the automatic control equipment to the existing trans- 
former and an Autopak head. Subsequently, if higher 
currents than 600 A are required, another Autopak 
transformer unit, to provide 1200 A, can be used, in- 
cidentally increasing hand-welding capacity to four 
operators. 

STUDS AND INSERTS FOR HIGH-PRESSURE 
SYSTEMS 

A completely new range of studs and inserts, capable 
of sealing components of high-pressure systems against 
pressures up to 3000 psi, is announced by Rosan, Inc., 
of Newport Beach, California. Designed for hydraulic, 
pneumatic, and other pressurized fluid systems, these 
studs and inserts can be used in installations where 
fasteners are exposed directly to pressurized areas or 
compartments. 

Each stud and insert has a collar placed at a specified 
distance above the top of the threads. Immediately below 
this collar is an annular recess where a packing ring is 
located. When the fastener is screwed into a threaded 
counterbored hole, the packing ring is located between the 
bottom of the collar and the bottom of the counterbore 
Any leakage that may escape by the threads is then effec- 
tively stopped by the packing-ring seal. 


To avoid loosening occasioned by vibration, these 
studs and inserts are provided with a second collar, above 
the first, radially serrated around the outer edge. When 
the fastener is screwed into place, a lock-ring, radially 
serrated around its inner and outer edges, is placed over 
the fastener, so that the inner serrations of the lock-ring 
are aligned with the serrations of the fastener collar 
When the lock-ring is pressed into a counterbored section 
at the top of the hole, the aligned collar and lock-ring 
serrations mesh like gears. The counterbore at the top 
of the hole has a smaller diameter then the outside dia- 
meter of the lock-ring, so that, when the lock-ring ts 
pressed into the counterbore, it actually broaches into 
the edge of the counterbore, preventing rotation of the 
insert or stud. This broaching action completes positive 
locking of the fastener 

Where weight and size are important considerations 
in the design of pressurized fluid equipment, these studs 
and inserts provide an additional advantage. In many 
designs of fiuid-flow equipment containing standard 
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studs Or inserts, it is necessary to add bosses or to thicken 
housing areas, so as to prevent the fastener from being 
exposed to the fluid under pressure. With the use of 


these studs and inserts, however, it is not necessary to add 
this excess material, since exposure of the fastener to 
fluids under pressure is no longer a problem 


SOLENOID VALVE WITH OVERRIDING 
MANUAL CONTROL 

To enable solenoid-operated fluid-power control 
valves to be actuated when the electrical supply is not 
available, e.g., when there is a power failure or during 
installation or testing, the Baldwin Instrument Co. Ltd., 
of Dartford, Kent, have introduced a mechanism which 
permits manual operation of the valve merely by pushing 
a large knob. 


Operation of the control is by means of a shaft which 
enters through the end-cover of the valve and makes 
contact with the pilot-piston head, which in turn is con- 
nected to the spool. When the override shaft is depressed, 
it moves the spool from the ** normal " to the * operated" 
position, in which the spool can be locked by rotating the 
override shaft when it is fully depressed, causing a D 
shaped collar on the shaft to locate behind the head of the 
locking screw. The locking position is positively indexed 
ensuring that the mechanism remains firm in the event of 
vibration. In order to prevent the knob from moving in 
and out with normal operation of the spool, the shaft 1s 
not actually fixed to the spool but merely rests against it 

At present, this override feature is available as a 
standard on control valves of | and § in. bore only. In 
addition to being used on solenoid valves, it can also be 
employed on pilot-operated valves 


ELECTROLYTIC CONDUCTIVITY CONTROLLER 

The new Type RC4 electrolytic conductivity con 
troller announced by Electronic Switchgear (London) 
Lid., of Letchworth, Herts., is primarily intended for 
permanent installation on processing plant in cases where 
it is required to signal or to effect corrective action when 
the continuously monitored conductivity of an electrolyte 
reaches a predetermined valuc. The instrument may also 
be used to make periodic measurements, so as to enable 
the state of the process to be accurately appraised at any 
time 

The controller is connected to a measuring cell um 
mersed in the electrolyte or forming part of the pipeline 
carrying the electrolyte. A range of electrolytic conduc 
tivity measuring cells, for immersion or for direct instal 
lation in flow lines, 1s also available for use with this 
controller. Electrical conduction takes place through a 
precisely known volume of the solution, the volume being 
determined by the dimensions and spacing of the cle 
trodes, which are continuously immersed in the solution 
in the measuring cell. Small variations in the concentra 
tion of weak acids or in the content of soluble inorgann 
impurities in water produce substantial conductivity 
changes that are sensitively detected by the instrument 
and are thereby caused to actuate a relay, which may tx 
connected to operate visual or audible signals. For the 
purpose of automatic control, the relay may switel 
valves or pump motors related to the transfer of additives 
or the admission of withdrawal of solution to of from the 
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A glance at these unique advantages 
shows why more and more engineers are 
specifying Ferobestos. 


The versatility of Ferobestos, an 
asbestos-reinforced plastic material, 
opens up an extremely wide range 

of engineering applications. 

As well as guides these include:— 


great physical strength 
high strength to weight ratio 


Bushes 
high temperature resistance Coupling Discs 
low moisture absorption Bearings 


good chemical resistance 
high wear resistance 

good electrical resistance 
high dimensional stability 
low coefficient of friction 


Gears & Rollers 
Piston Rings 
Wearing Slippers 
Mounting Pads 
Compressor Blades 
Thrust Washers 


Ferobestos is available in a number 

of special grades including silicone 
impregnated for greater heat resistance 
and graphite impregnated for more 
efficient lubrication. 





Ferobestos can be supplied from 
stock in she2ts, rods, and tubes. 
Sp:c al m-uldings, where quantity 
justifies the cost, can be made to 
order. Writ? fcr fully detailed 

and illustrated leaflets. 





J.W. ROBERTS LTD 
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Chorley New Road, Lostock, BOLTON. Tel: Horwich 840 - Branch Sales Offices: LONDON, GLASGOW, BIRMINGHAM, LEEDS 
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system. The controller embodies a precision a.c. Wheat- 
tone measuring bridge, the accuracy of which is un- 
affected by mains-voltage variations and by changes in 
electrical component values due to ageing, etc. The 
measuring bridge is supplied at low potential at a fre- 
quency of 1000 cps, eliminating inaccuracies caused by 
the polarization which would otherwise be present at low 
frequencies. 

The controller, by virtue of its continuous monitoring 
action and immediate response, eliminates the hazards 
arising from the delays and faulty judgment associated 
with periodic sample testing by chemical analysis. 
Typical applications include its use in connection with the 
purity of distilled and demineralized water and of steam 
condensate in boiler-plant operation, the contamination 
of washing and rinsing waters in electroplating and dye- 
ing, the control of effluent concentration, and the 
detection of leakage in refrigeration plant. 


BENCH-TYPE OSCILLATING GRINDING 
LAPPING MACHINE 

Specially designed for use with the company’s 
* Neven ” diamond-impregnated wheels, the new G.F.O. 
bench-type oscillating grinding and lapping machine 
announced by Diamond Products Limited, of Gloucester, 
can produce a high-quality edge on a tungsten carbide 
lathe tool in a very short time, even with unskilled labour. 
Intended for use with a Neven 6-in. diameter wheel with 
an impregnated rim of either } or § in. in width, the 
method of operation of the machine is such that a mirror 
finish can be obtained. Thus, a finish of approximately 
0-5 micro-inch can be obtained on a tungsten carbide tip, 
producing a perfectly straight edge on the tool much 
more quickly than is possible by normal lapping methods 


so 





AND 





As a result of the automatic oscillating motion of the 
head (30 strokes per minute), all that is necessary is to 
hold the tool firmly on the table and press it gently 
against the cutting face of the wheel, thus eliminating 
operator fatigue. The automatic action of the wheel 
across the face of the tool produces a perfectly straight 
edge at any required rake, and avoids the formation of 
facets on the cutting edge. An important feature of the 
machine is that it provides even wear over the face of the 
diamond tool, thereby ensuring maximum life from the 
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grinding wheel. Large-section tools can be lapped, the 
maximum tool height acceptable under the guard being 
1? in. In addition to its uses for the lapping of tungsten 
carbide, the machine can also be used for lapping the 
ends of ceramic or glass tubing and similar operations 
The hinged table measures 16} 8 in., and is adjust- 
able for rake from +5 to —I5 deg., adjustment being 
effected by means of a micro-screw which is readily 
accessible under the front of the base. The table also 
incorporates a tenon slot, 0-625 in. wide by 0-320 in. deep 
for fitting a protractor. The base, which forms the 
coolant tank, is of heavy construction to ensure the 
elimination of vibration, and has a capacity of two 
gallons, with a simple device for draining and cleaning 
without removing the machine from the bench. The 
specially designed reversible centrifugal pump incor- 
porates a self-priming device with a capacity of 8 gph 
The oscillating motion is produced by a separate 
small motor situated at the rear of the machine. This 
operates through a gear box, and adjustment ts available 
to vary the length of the oscillating stroke, the maximum 
oscillation being § in. on either side of the centre line 
The oscillating motor, if required, can be cut out by a 
conveniently placed switch, should the operator wish to 
perform any grinding operation without oscillation. 


LATHE INDICATOR 

Designed to make it possible to obtain any number 
of lengths and depths over the whole working length of 
the lead-screw to within limits of 0-001 in., the new 
* Ceewrite " lathe indicator announced by Alfred Herbert 
Litd., of Coventry, eliminates the use of depth micro 
meters, slip-gauges, and standard or vernier micrometers 
Furthermore, no time is lost in stopping the machine for 
checking purposes. 





The method of attachment of the indicator, which is 
available in cight models with various settings and with 
either fractional or decimal dials, varies according to the 
lathe used, but a method common to many lathes is to 
attach it to the saddle so that ut will work on the lead 
screw. Operation is extremely simple : The lathe tool 
applied to the workpiece, and a facing cut « taken, if 
required. The indicator dials are then set to zero, allowing 
any tool movement in a longitudinal direction to be read 
directly from the dials, which can then be reset to zero, if 
necessary 


GERMANIUM RESISTANCE THERMOMETER 
A new germanium resistance thermometer with high 
sensitivity and exceptional stability in the temperature 
range near absolute zero has been developed by Hell 
Telephone Laboratories, of New York. Once calibrated 
the new thermometer gives readings reproducible 
better than a few ten thousandths of a degree at the bor 
ing point of helium (4-2°K), even after repeated cycling 
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Here is one of the most sensitive instruments of its kind on 
the market. Its performance is due largely to the powerful 
heavy duty Alcomax magnet which ensures positive contact. 
Made to an exacting specification, this high-torque moving 
coil relay will respond to changes of 1 per cent in AC or DC 
voltage or current, and is adjustable between +1 per cent and 


‘10 per cent. 


This relay was developed for use in Austinlite Control 
Cubicles, as supplied to the G.P.O. and other telephone 


authorities throughout the world. 


The Austinlite marginal relay 





c7hustinlite 


ELECTRICAL EQUIPMENT 


Tailor-made by 


STONE-CGHANGE LTD. 


(Makers of Sumo Pumps and 
Stone-Chance Lighthouses). 


CRAWLEY, SUSSEX. 
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from room temperature. Such characteristics indicate 
that the instrument could be useful for the accurate 
measurement of temperatures in outer space when 
mounted in a suitable vehicle. 

The heart of the new thermometer is a very small 
* bridge’ cut from a single crystal of arsenic-doped 
germanium, the actual size of this bridge being about 
0-025 0-020 0-210 in. Current and potential leads 
are attached to the bridge, which is supported in a 
strain-free manner in a platinum-glass enclosure contain- 
ing a small amount of helium gas to aid thermal con- 
duction. Resistance is determined by measuring the 
potential drop when a known current of approximately 
10 pA is passed through the bridge. 


Ge" BRIDGE“ 


_ Germanium can be doped with arsenic to produce a 
high and fairly constant temperature coefficient of resist- 
ance at temperatures near the boiling point of helium 


For example, a typical thermometer has a resistance of 


about | ohm at room temperature, 14 ohms at 10 K, and 
216 ohms at 2 K. Both the temperature coefficient and 
the actual resistance vary widely with minute changes in 
the amount of doping, making it possible to fabricate a 
thermometer having any of a wide range of characteristics 
Such a thermometer will retain its calibration, despite 
repeated cycling from 300 K to 1 K 


ELECTRONIC TEMPERATURE CONTROLLER 

The * Pyromaxim ” electronic temperature controller 
introduced by the Sifam Electrical Instrument Co. Ltd., 
of Torquay, has been designed specifically to satisfy the 
demand for an accurate and sensitive controller at an 
acceptable price, without, however, sacrificing reliability 
of finish. Thus, the mirror scale, more than 8 in. in 
length, ensures legibility and accurate readings of temper 
ature to better than | while the control response is 
within 0-25 





The measuring galvanometer employs a powerful 
magnet surrounding a moving system which swings 


between spring-mounted sapphires. Automatic cold- 
junction compensation is a standard provision The 
movement and its pointer are completely free of mech- 
anical stress or interference. A simple electronic circuit 
provides the link between measurement and control, 
which instantaneously operates an enclosed relay rated 
at 3 A and 250 V a.c. non-inductive load. A notable 
feature is the plug-in arrangement of the electronic ampli 
fier unit, which can be removed and replaced in a few 
minutes, thus facilitating installation and maintenance 

The instrument, which can be supplied for cither 
flush- or wall-bracket mounting for use with supply volt- 
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ages of 110, 220, or 240 V a.c., is available in temperature 
ranges from 0-200°C to 0-1600 C, or Fahrenheit equiva- 
lents. Calibration can be made with any type of thermo 
couple, a wide variety of which, together with such 
accessories as compensating cable, gas valves, contactors 
etc., is also available. 


SAFETY SHIELD FOR EXPOSED CONDUCTORS 

A new type of fully insulated conductor, designed 
prevent the possibility of shocks through accidental! 
physical contact, has been introduced by British Mono 
Rail Ltd., of Chadderton, Lancs., for use on all types of 
overhead handling systems normally using exposed cor 
ductor-bar electrification 

The conductor or bus-bar is a straight or curved 
length of channel section, } in. wide, } in. deep, and | in 
thick, made of corrosion-resistant clectro-galvanized 
steel enclosed in an extruded red P.V.C. sleeve of special! 
design. The shielding is claimed to be fool-proof in use 
so that even a little finger cannot be inserted to make 
contact, but the efficient functioning of the sliding-shoc 
connector is not impaired. A number of accessories have 
also been introduced, including P.V.C. safety covers 
with provision for power feed, which clip over splices in 
the conductor bars ; neoprene caps which fit over the 
shielding to protect the ends of a system ; and insulating 
sections for use where conductor bars must be isolated 


The system, which is known as Kant-Shoch 
eliminates all risk of accidents, so that many overhead 
handling systems now operating on $0 V can change overt 
with safety to higher working currents, with obvious 
economy On an extensive installation it i estimated 
that the * Kant-Shock “ system, including bus-bars and 
collectors, would be considerably cheaper than installing 
sheet-stee! shielding alone 


Variable-Speed D.C. Motor 
Drives employing the Xatron 


(Concluded fram page 197) 





Current limit control has its own anti-hunt ad; 
and, when properly set, permits an overshoot ir 
current of approximately 50°, during the first 0.0 
shock acceleration of the drive motor Sharpnes 
current limit 8 about 30°, at full load 

It has thus been shown that all functions desired 
the drive may be obtained by controlling the grid bia 
tube //-V, 1.¢., speed control, time limit acceleration, /R 


drop compensation, and current limit 


Firtp EXcrration 


It remains to supply a regulated voltage for the 
field of the drive motor. This 1s obtained with a half-wa 
rectifier with blocking tube, both hot-cathode gas tulx 
In the drive using voltage control only, the output voltages 
of this section serves the dual function of supplying the 
shunt field and the magnetic control associated with the 
drive 
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ANNOUNCING 


A MAJOR BRITISH DEVELOPMENT IN BEARING TECHNOLOGY 


Bearings are now available 
which operate 


* Completely dry or in most 
liquids 


* Under heavy toads and high 
speeds 


% At temperatures from —200 C. 
to , 250°C. 
* %n the presence of dust or 


abrasive particies. 


Nearly 1,000,000 of these bearings are 
already running in a wide range of 
mechanisms from gas turbines to textile 
machinery. 


DU 


Information sheets giving guidance on use, maximum loads, speeds etc., are available free on request 


THE GLACIER METAL COMPANY LIMITED - ALPERTON .- WEMBLEY - MIDDLESEX 
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Three materials with different functions have been 
developed to assist those who wish to design machinery 
that avoids the use of lubricants. 


Thin steel strip with a porous bronze coating impreg- 
nated with a mixture of a fluoro-carbon (P.T.F.E.) and 
lead. Supplied in flat lengths or as finished bushes and 
thrust washers in a range of sizes. Available at low 
cost from stock. 


A fluoro-carbon (P.T.F.E.) strengthened with special 
fillers and supplied in bars and tubes. A range of 
diameters is available from stock. Non-standard or 
irregularly shaped dry bearings can be simply machined 
from this material. 

A process of applying an adherent layer about .002” 
thick utilising the bearing properties of a combination 
of fluoro-carbon and molybdenum disulphide to the 
bearing surface of any ferrous part. Such parts must 
be sent to us for process. 


The basic material we use in all these bearings ts the ‘*Fluon” 


brand of Polytetrafluoroethylene supplied to us by I.C 1. Ltd. 


DU is a new development based on our original DP material 
which it now supersedes, and provides three times the 
load speed carrying capacity of its predecessor. 


GLACIER 


TEL PERIVALE 6611. TELEX 
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_NEWS OF THE MONTH 








PERSONAL 


Philips Electrical Ltd. announce that Mr. S. G. P. de 
Lange has relinquished his responsibilities as commercial 
manager of the Industrial Products Division and has been 
appointed adviser to the company and co-ordinator in all 
matters affecting industrial products. He is succeeded as 
commercial manager by Mr. C. W. V. Davis, who was 
manager of the Filtration Department. Also announced 
is the appointment of Mr. J. D. Callaway as manager of 
the Cardiff Branch, of Mr. D. H. Clark as Television and 
Radio manager, and of Mr. A. D. Shillabeer as Electrical 
Appliances manager, South-West region, Bristol. 


Mr. H. F. Wilson, B.Sc., A.R.1.C., A.I.R.I., 
F.R.S.A., Comp.L.E.E., F.P.1., and Mr. C. L. G. Fair- 
field, M.A., M.I.E.E., A.M.1I.Mech.E., Barrister-at- 
Law, have been appointed to the board of The Telegraph 
Construction and Maintenance Company Ltd. 


Owing to the expanding activities of the Gresham- 
Transformer Group, of which he is chairman, Mr. John 
P. Coleman, M.1.E.E., has resigned from the board of 
Data Recording Instrument Co. Ltd. 


William Jessop & Sons Limited and their associate 
company, J. J. Saville & Co. Ltd., announce that, following 
the death of Mr. F. Briggs, F.C.1.S., the late secretary of 
these companies, Mr. D. Milne, C.A., has been appointed 
secretary, and Mr. J. V. Gregory assistant secretary. 


Mr. S. H. Ekefalk and Mr. Erik Ryd have been ap- 
pointed deputy managing directors of Atlas Copco A.B. 


Mr. Granville Horsley has been appointed to the 
board of Crofts Engineers (Holdings) Limited and joint 
managing director of the operating company, Crofts 
(Engineers) Limited. 

Mr. F. Moore has been appointed deputy chief engi- 
neer of Steel, Peech and Tozer, a branch of The United 
Steel Companies, Limited. 

Mr. W. P. Scott has retired from his position of 
Condensing Department manager of Worthington- 
Simpson Ltd. after 22 years service. The condensing 
department will now be administered from Newark by 
Mr. T. Trowsdale, Condensing Sales manager, and Mr. 
T. Bennett, Condensing Contracts manager. 


Mr. James E. Robinson, M.I.Mech.E., M.1.Mar.E., 
has been appointed chief engineer of Hopworth & 
Grandage Ltd., of Bradford, Yorks 


Mr. C. H. Flurscheim, B.A., M.1.E.E., Mem. 
A.I.E.E., chief electrical engineer of Metropolitan- 
Vickers Electrical Co. Ltd., has been appointed a 
director of the company. 

It is announced by Ferranti Ltd. that Mr. R. K. 
Saunders has been appointed Export Sales Manager 
Mr. J. C. Heywood has been appointed Instrument Sales 
Manager 


BUSINESS NOTES 


Stein & Atkinson Ltd. have decided to cease the manu- 
facture of rotary and end-tilting rotary melting furnaces 
in order to increase their capacity for dealing with their 
heavy order books for other types of furnaces. Their 
drawings and designs have been acquired by the Mono- 
meter Manufacturing Co. Ltd. 

The Australian subsidiary of Geo. Salter & Co., Ltd., 
has changed its name from Whitelaw Springs Pty., Ltd., 
to Geo. Salter (Springs) Pty., Ltd. Their address remains 
at Grosvenor Street, Abbotsford, Melbourne, N.9 
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Petbow Limited announce that they have formed an 
associate company in Canada for the purpose of expand- 
ing the sales of their products and organizing their own 
servicing facilities. The name of the new company is 
Petbow (Canada) Limited, with offices and works at 
26 Taber Road, Rexdale, Ontario. 


Australian Timken Proprietary Limited, a wholly 
owned subsidiary of The Timken Roller Bearing Com- 
pany, of Canton 6, Ohio, U.S.A., expects that one of the 
production lines of its new plant will be in operation this 
summer. The formation of the subsidiary was announced 
in July, 1957, and construction of the new plant started 
two months later at Ballarat, Victoria 

The Plessey Company Limited and Brayhead (Ascot) 
Limited announce that they have entered into a joint 
development and manufacturing agreement covering 
television tuners and frequency-modulated permeability 
tuners. These products will be sold in the U.K. by both 
Companies and throughout the rest of the world by 
Plessey International Limited. 


Newman Industries Limited, of Yate, Bristol, have 
been appointed sole selling agents in the U.K. for all 
heavy Hungarian machine tools. Machines already im 
ported include centre lathes, radial drills, and milling 
machines. 

Owing to registration difficulties, the range of dry 
mixes of concrete, mortar, and rendering produced by 
The Marley Tile Company is now designated * Marley 
Mix "’, in place of ** Marcrete 
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Beryllium Copper 
"*Wavey ' Washers 
For Electronic Com 
ponents. Range 
10 BA to 4 BSF. Corrosion resisting, non-damaging to com 
ponents, higher resistance of ‘‘ set "’, higher recovery of load, 
permanent spring action. They are fabricated from Beryllium 
copper, heat treated to VPN 350 minimum, Electro Plated 
to DTD.924, Cadmium Plated 
to DTD.904 and Passivated 
to DTD.923. Samples and LEAVE wh 


price lists on request. 
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OSCILLOGRAPHS \ 


Trial-and-error methods of 
fault evaluation are outmoded, inaccurate and 
expensive. With a Cossor Oscillograph, the modern 
Engineer is armed with an instrument that will 
display, measure and time the action of his electrical 
or mechanical machinery with precision, speed and 
certainty. It is worthwhile, therefore, to 

investigate the possibilities of these versatile 


instruments in your Industry by writing to: 


«| 
COSSOR INSTRUMENTS LIMITED 


The Instrument Company of the Cossor Group 
COSSOR HOUSE - HIGHBURY GROVE + LONDON, N.5 
ci 104 Telephone: CANonbury 1234 (33 lines) Telegrams: Cossor, Norphone, London Cables: Cossor, London 
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A new company, Vary-Typer Ltd., a wholly owned 
subsidiary of Addressograph-Multigraph Ltd., has been 
formed to market the Vary-Typer range of machines 
throughout the U.K. New premises have been acquired 
at 11-13 Southampton Row, London, W.C.1., to provide 
facilities for sales, demonstrations, servicing, and opera- 
tor training. 

Daimler-Benz A. G. Stuttgart-Untertiirkheim, Ger- 
many, announces that Daimler-Benz has acquired the 
qualified majority of the shares of Auto-Union G.m.b.H., 
Diisseldorf-Ingelstadt. Auto-Union, with its qualified 
production programme, remains completely independent, 
retaining its original denomination, its nature, and its 
present management. 


CONTRACTS 


The Canadian Department of National Defence has 
placed an order valued at over £140,000 with The General 
Electric Co. Ltd. for a motor-driven centrifugal com- 
pressor for installation at the National Aeronautical 
Establishment, Ottawa, Canada. 

The plant, which will have an air output of 403 
lb/sec at 300 psia and is for use with a new high-speed 
wind tunnel, is arranged in a single line and comprises a 
G.E.C. 11,200-hp salient-pole synchronous motor driving 
a seven-stage intercooled compressor at 4500 rpm 
through an epicyclic gearbox. The output from this L.P 
compressor then passes through an independent inter- 
cooler to a three-stage H.P. compressor driven at 10,000 
rpm through a further set of speed-increasing epicyclic 
gears. 

Appleby-Frodingham Steel Company, a branch of 
The United Steel Companies, Limited, have placed an 
order worth over £500,000 with Davy and United Engi- 
neering Company, Limited, for the supply of a new 
slabbing mill. The mill is expected to come into operation 
towards the end of 1959. 


Boulton and Paul Limited have secured a contract 
worth £80,000 from the International Steel Company of 
Evansville, Indiana, U.S.A., for a mechanical handling 
plant for the fabrication of structural steel sections. Four 
other plants are already under way for British concerns, 
and one plant for Canada is scheduled for erection in 
June, 1958. 

An experimental plant of this type, the object of 
which is to eliminate template making and considerably 
to reduce the handling of steel bars, was installed at the 
Riverside Works of Boulton and Paul Limited in Norwich 
in 1953, in association with James Archdale & Co. Ltd., 
who supplied the drilling units, and Clifton and Baird 
Ltd., who supplied the sawing machine 


The Solartron Electronic Group, Ltd., on behalf of 
their American distributing company Solartron Inc., have 
received an order worth $121,000 for transfer function 
analysers. The equipment is for guided-missile work 


Winston Electronics, Ltd., have received another 
order for over £70,000 from Italy for electronic equip 
ment, including spectrum analysers and highly stabilized 
decade oscillators. 


As announced by the Development Board of the 
Government of Iraq, a contract valued at £400,000 has 
been awarded to Crompton Parkinson Limited for the 
supply, delivery, erection, and commissioning of switch- 
gear and transformers for a power station at Basrah and 
municipal substations at Jubaila and Basrah 


The Norwegian Government has placed an order with 
Boatservices Ltd., of Oslo, for 12 fast patrol boats for the 
Norwegian Navy, each to be powered by two 3100-shp 
Napier Deltic 18 high-speed lightweight diesel engines 
The boats are 80 ft 4 in. long, have a beam of 24 ft 7 in., 
and a displacement of 68 tons. Their speed is said to be 
over 40 knots. The value of the contract for Deltic 
engines and spares is approximately £1,200,000 
MAY, 
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The English Electric Company has recently supplied 
the complete electrical equipment for a large ingot 
milling machine manufactured by W. H. A. Robertson & 
Co. Ltd., and ordered by the American Brass Company 
for its plant at Terre Haute, Indiana, U.S.A 

The machine will be used for milling the faces of 
aluminium and alloy ingots up to a size of 60 in. wide by 
12 in. high by 120 in. long, and will remove imperfections 
from the cast ingots before they are rolled into strip and 
subsequently into foil. Electrical equipment includes a 
200-hp d.c. motor driving the milling cutter and a 6-hp 
d.c. motor driving the ingot carriage, both supplied from 
a Ward-Leonard generator set driven by a 26S-hp a.c 
motor 


A contract worth nearly £250,000 has been placed by 
North British Locomotive Co. Ltd., of Glasgow, with the 
General Gear Division, Park Works, of David Brown 
Industries Limited, for axle-mounted gearboxes This 
follows the placing of an order by British Railways for 
52 main-line diesel/hydraulic locomotives, the largest 
single order so far received by one company for loco 
motives and a substantial part of the total of 147 loco 
motives of this type ordered under the railway modern 
ization programme 


FILM ON STEAM AND STEAM GENERATION 


Following the well-deserved success of their previous 
educational film on the subject of combustion, Inter 
national Combustion Ltd., of London, W.C.1, have 
produced a new film which covers another aspect of the 
power industry, t.c., the generation of steam 

Entitled * Steam and Steam Generation", the new 
30-minute film, in sound and colour, is an excellent 
example of everything an instructional film should be 
Sugar-coating the pill of education, it describes graphic 
ally and entertainingly the properties of steam, as well as 
the applications of these properties to the production of 
electrical power, showing the way in which steam is 
generated, from its elementary production in a flask to its 
generation at the extremely high pressures and tempera 
tures required for the operation of modern turbines in 
major power projects 

A study is made of the techniques used in high 
capacity boiler systems, illustrating their development 
from the early “ haystack ™ type to the latest units in use 
to-day, and including a detailed examination of a scale 
model of a boiler at Willington power station, Animated 
diagrams are used to give 4 striking comparison between 
the enormous power outputs achieved by present-day 
designs and those of a few years ago 

The progress made in boiler design over the years is 
well illustrated by a description of the enormous new 
ICL boiler now being constructed at High Marnham 
power station, which is believed to be the highest 
capacity boiler under construction anywhere. The film 
concludes by pointing out the way in which even the 
present advanced assisted-forced-circulation designs will 
change again to meet super-critical conditions, and gives 
indications of units of even higher capacity planned for 
the future, such as a super-critical once-through typ« 
intended for use at pressures of over S000 psi and tem 
peratures of 1200 f 

Combining actual background shots with a skilful and 
judicious use of animated-cartoon techniques, the film 
which was produced for International Combustion Lid. by 
Film House Production Ltd, with the co-operation of the 
Royal Institution and the Science Museum, will be em 
ployed extensively for educational purposes, and can bx 
used as a foundation for further study. Copies (16 mm of 
35 mm) are available on free loan to technical colleges 
schools, and other organizations, on application cither t 
International Combustion Lid 19 Woburn Place 
London, W.C.1, of to Gaumont-Briteh Scope Film 
Library, 11 Belgrave Road, London, 8 W.1 





CONVEYOR PROBLEMS ? 


Then get Goodyear, 
the world’s most economical, 
most widely used belts 





Whatever materials you convey there isa 

Goodyear Conveyor Belt that is made to do the job- 
at the lowest cost per ton. These are the features 
essential for dependable, long life belt service - 

the features you get when you buy Goodyear. 


1. PROPER TROUGHING that ensures correct idler contact. 


2. MILDEW-INHIBITED construction prevents mildew rot 
that can ruin belts. 


3. LONGEST COVER LiFe that comes from use of tough, 
highest quality covers that ensure maximum resistance 
to abrasion and stripping. 


4. HIGH FLEX-LIFE - greater flex-life because of skim 
coating between plies with highest quality friction rubber. 


Remember that Goodyear technicians are always avail- 
able to ensure that you get the right belt for the job and 
will advise on installation and maintenance. 


Write now for further information to the Goodyear Tyre 
& Rubber Company (G.B.) Ltd., Industrial Rubber 
Division, Wolverhampton. 


GOODFYEAR 


INDUSTRIAL RUBBER PRODUCTS 


CONVEYOR BELTING * TRANSMISSION BELTING * V-BELTS * FENDERS * HOSE 


THE ENGINEERS’ DIGEST 

















FILMS DEALING WITH MECHANICAL 
HANDLING 


The National Joint Committee on Materials Hand- 
ling, a co-ordinating committee for professional and other 
bodies interested in materials handling, particularly 
from an educational standpoint, has compiled a list of 
films on materials handling which is now available upon 
receipt of a stamped addressed envelope, from The 
Secretariat, National Joint Committee on Materials 
Handling, 20/21 Took’s Court, Cursitor Street, London, 
b.C.4. 

Some sixty titles are listed, showing the size and 
running-time (where known), the source of the film, and a 
brief synopsis of its purpose and audience suitability. 
The list covers such widely differing subjects as the opera- 
tion of a high-capacity floating grain-handling plant, the 
handling of Coca Cola cases on the production line, the 
application of the unit load system to sausage and pie 
manufacture, excavators moving 700 tons of earth an 
hour, the use of tractor equipment in vineyards, and 
cargo handling at ports. The need for and value of better 
handling methods in British industry is amply demons- 
trated in many of the visual aids catalogued. 


FILM OF FIRTH-BROWN WORKS 

Details have been received of a new film produced by 
the Photographic Section of the Brown-Firth Research 
Laboratories. Entitled “* A Tour of the Works”, the 
film, which is in colour and sound and has a running time 
of 33 minutes, gives a brief historical survey of the forma- 
tion of the two companies, Thos. Firth & Sons and John 
Brown & Co., and their subsequent amalgamation, and, 
for contrast, shows the present works, over 80 acres in 
extent, and comprising a fully integrated manufacturing 
unit for the melting, forging, rolling, heat treatment, and 
machining of an extensive range of forgings and rolled 
products in high-grade carbon and alloy steels. In short, 
the film covers a complete tour of the main departments, 
revealing some of the manifold operations involved, from 
melting to the final despatch of the finished products. 

Copies of this 16-mm film, which is produced with 
commentaries recorded in English, French, and Spanish, 
are available on free loan to approved technical associa- 
tions, schools, and other responsible organizations, on 
application to Thos. Firth & John Brown Ltd., Sales 
Promotion Dept., Atlas Works, Sheffield 4. 


ELECTRONIC COMPUTER EXHIBITION 
AND BUSINESS SYMPOSIUM 1958 

H.R.H. The Duke of Edinburgh has consented to be 
patron of the Electronic Computer Exhibition and Busi- 
ness Symposium to be held at Olympia, London, from 
November 28 to December 4, 1958. More than 40 
British manufacturers of electronic computers and 
ancillary equipment, including all the leading firms, have 
taken space in the Exhibition, which will be the first of its 
kind in the world. 

The Symposium will stress the value of the computer 
as an aid to management and will consist of papers de- 
signed to bring to the business executive up-to-date in- 
formation arising from the latest practical experience of 
the installation and operation of British computers and 
data-processing systems. These will include applications 
to general business management, such as pay-rolls and 
stores control for railways, steel works, gas undertakings, 
farms, and motor sales organizations. Life insurance is 
also covered. 

The Exhibition and Symposium are being organized 
at the instigation of the National Research Development 
Corporation by the Electronic Engineering Association 
and the Office Appliance and Business Equipment Trades 
Association. Immediately preceding the exhibition there 
is to be an associated scientific symposium organized by 
the National Physical Laboratory, to be held at Tedding- 
ton, Middlesex, from November 24 to 27. Admission 1s 
by invitation. 
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Further information is obtainable from the Exhibition 
Organizer, 11/13 Dowgate Hill, London, E.C.4. Details 
of the symposium papers and registration fees will be 
made known shortly. 


DESIGN, MANUFACTURE, AND ERECTION 

OF ATOMIC POWER PLANT EQUIPMENT 

Atomic Power Constructions Limited and Babcock & 
Wilcox Limited announce that in August 1957 they 
completed an agreement whereby Babcock & Wilcox 
Limited will undertake the detailed design, manufacture 
and erection of the reactor pressure vessels forming part 
of nuclear power stations to be supplied by Atomic 
Power Constructions Limited and their member com- 
panies, Crompton Parkinson Limited, International 
Combustion (Holdings) Limited, Richardsons West 
garth & Company Limited, Elliott Brothers (London) 
Limited, The Fairey Aviation Company Limited, and 
Nuclear Civil Constructors 

In addition, Babcock & Wilcox will supply any 
special heavy-duty crane required by Atomic Power 
Constructions Limited for the erection of pressure 
vessels, heat exchangers, and other parts of the gas cir- 
culls. 

It will be recalled that Babcock & Wilcox designed 
and built much of the plant at Calder Hall and Chapel 
cross, and, as a member of the English Electric-Baboock 
& Wilcox-Taylor Woodrow consortium, are responsible 
for the design and construction of reactor vessels, steam 
raising units, gas circuits, and other mechanical plant for 
the 500-MW nuclear power station at Hinkley Point 
The Crane Department of Babcock & Wilcox are building 
a 400-ton Goliath crane for this contract, to facilitate 
erection of the reactor area 


BRITISH STANDARDS PASS THE 3000 MARK 

The total number of British Standards issued between 
B.S.1.’s foundation in 1901 and the end of last year 
exceeded 3000. This fact emerges from the recently pub 
lished B.S.1. Yearbook for 1958, which includes a 
numerical list and brief descriptions of all standards cur 
rent on December 31, 1957 

With this and a wealth of other information, the 
Yearbook (16s. 6d. post free) is the only available “ refer 
ence book ™ to British Standards and, as such, is of great 
value. Apart from British Standards and Codes of Prac 
tice, this 520-page book also lists the publications issued 
by the International Organization for Standardization 
(ISO), the Internatfonal Electrotechnical Commission 
(1.E.C.), and the International Commission on Rules for 
the Approval of Electrical Equipment (C.E.E.); these 
publications are all available for purchase from B.S.1.'s 
Sales Branch. Other sections of the book detail a number 
of B.S.1. services, from the list of industries for which 
* sectional lists of current standards are published, to 
the “ approval services’ provided for U.K. manufac 
turers exporting to Canada. There is also a comprehen 
sive index, in which all British Standards are listed 
according to their subjects 


BRITISH STANDARDS 


(Copies of British Standards may be obtained from the 
British Standards Institution, 2 Park Street, London. W 1) 


Test Code for Acceptance Tests for Steam Turbines 
(B.S. 752: 1958). 

This revised British Standard test code (price 14s) 
provides a means of verifying the guarantees given by 
manufacturers of plant made in accordance with B.S. 142 
“Steam Turbines. In general, claims in a guarantes 
which require verification are those dealing with output 
steam consumption, speed regulation, and emergency 
governor operation——all or any combination of which 
may be tested, according to the circumstances 

In this third edition (85 pages, illustrated), the layout 


has been amended to facilitate reference and an index has 
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The symbol of the Newage Group is 
the hall-mark of first-class engineering 


Newage-BMC offers a choice of petrol/paraffin (gasoline 
kerosene) engines from 950 to 4,000 c.c., and diesels of 2.2, 
2.55, 3.4, and §.1 litres. 


NEWAGE (MANCHESTER) LTO 
Home Sales and Works: Crossley Street, Gorton, Manchester, 18 
Telephone: East 207! 


Export Soles: 6 Carlos Place, Grosvenor Square, London, W.1! 
‘ Telephone’ Hyde Park 914! 


FORMULA FOR EFFICIENCY 

To provide the perfect power unit for the 
Massey-Ferguson 735 Combine Harvester, 
Newage evolved this characteristically suc- 
cessful conversion of the BMC 1500 c.c 
petrol engine. What they did for Massey- 
Harris-Ferguson, they can do for you. By 
applying the formula NEWAGE-BMC in 
the early stages of product development 
you can have any one of the magnificent 
range of BMC automotive’ engines 
modified by the specialised skill of Newage 
engineers to conform to your own func- 
tional and installation requirements 
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been added. Many improvements have been made in the 
technical content of the code, stemming from progress 
made and experience gained during the past seventeen 
years in the use of higher steam pressures and tempera- 
tures in modern plants, the introduction of hydrogen- 
cooled generators, the advance in instrumentation and 
test techniques, etc. Other changes have been made to 
bring the code into line with requirements of recent 
British Standards. 


Mechanical Ventilation and Air Conditioning in 
Buildings (C.P. 352: 1958). 

Prepared on behalf of B.S.1. by a committee of experts 
from the Institution of Mechanical Engineers and the 
Institution of Heating and Ventilating Engineers, this 
112-page publication (price 20s.) forms a valuable guide 
to modern practice in designing, planning, installing, 
testing, and maintenance of mechanical ventilating and 
air-conditioning plant. 

The head-code deals with general matters, such as 
time schedules, district surveyors’ or local authorities’ 
fees, design, inspection, and testing and maintenance, 
while eight sub-codes cover in detail the subjects of fans, 
motors, and starting gear ; air heaters ; air distribution 
systems ; air cleaning devices ; thermal! insulation ; 
sound-proofing and anti-vibration devices ; temperature 
and humidity controls ; and cooling and dehumidifica- 
tion. The text is amplified by ten fully annotated dia- 
grams and charts. 


Glossary of Terms used in High-Vacuum Technology 
(B.S. 2951: 1958). 

The purpose of this new glossary is to define the terms 
of accepted value in the many branches of science and 
industry where high-vacuum technology has become 
important. 

The glossary differs in detail from its opposite 
number in the U.S.A., but every endeavour has been 
made to ensure that as far as possible the same term is 
used with the same meaning in the two countries. Where 
a number of terms with approximately the same meaning 
have come into use, those preferred have been selected for 
definition. Certain terms which are redundant or depre- 
cated have been listed separately in an appendix, along 
with the reasons for their non-acceptance. 

The glossary is arranged in sections, dealing separately 
with general terms, vacuum systems, pumps and pump 
components, manometers and gauges, leak detectors, and 
vacuum applications. 

Comprehensive notes on pressure units, critical 
backing pressure, and sensitivity definitions in leak 
detection are given in an appendix. The new publication 
(price 7s. 6d.) contains a list of the symbols and abbrevia- 
tions used within its 26 pages ; it ends with a detailed 
index to the terms defined or discussed 


Dimensions of 3-Phase Electric Motors with Ventilated 
Enclosures (B.S. 2960 : 1958). 

To ensure complete mechanical interchangeability of 
motors of different makes, this new standard (price 6s.) 
extends the application of standard dimensions, estab- 
lished in B.S. 2083 for totally enclosed fan-cooled motors, 
to electric motors with enclosures of the protected, screen- 
protected, and drip-proof types, thus covering a very 
large proportion of all industrial motors 

In addition to the advantages of interchangeability, 
B.S. 2960 breaks new ground in the introduction of 
standard-dimensioned motors using the recently deve- 
loped Class E insulating materials, which permit a tem- 
perature rise of up to 65°C in a maximum ambient tem- 
perature of 40 C. This means that, for a given horse- 
power output, motors to the new standard will be appre- 
ciably smaller and lighter than the previously non- 
standardized motors of this type, which used Class A 
insulation 

The standard applies to 3-phase, 50-cps, squirrel-cage 
ventilated motors with continuous maximum ratings in 
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the range | to 40 hp (at 1500 rpm synchronous speed) at 
voltages up to 650 V. The motors are of the foot- 
mounted, flange-mounted, and skirt-mounted types 

It has been recognized that in certain specialized 
applications it may not be possible to operate motors up 
to the maximum temperature permitted with Class | 
insulation—hence the inclusion of an appendix which 
gives information on operating temperatures and in 
cludes a series of standard motor frames with corres 
ponding reduced horsepower outputs for use in such 
circumstances 

It is intended to issue in due course an addendum 
to the standard which will give maximum overall! dimen 
sions, on lines similar to those of the appendix to B.S 
2083. This will enable a user to determine the minimum 
space necessary to ensure the satisfactory accommodation 
of any make of motor 


DING-DONG 
HACKSAW BLADES 


ask YOUR DEALER FOR DING-DONG 
Manufactured by CHARLES BAYNES, LTD. 
BLACKBURN, LANCS. TEL. 6862 




















OSMOND 
CUTTING OFF MACHINES 


A. & S$. OSMOND. LTO Telephone 
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THE SPECIALIGT FOUNDRY 





The Specialist Foundry 


with own machine shop 


for 
BLACKHEART MALLEABLE 
IRON CASTINGS 


HEAT & ABRASION 
RESISTING ALLOY CASTINGS 


Manufacturers of 
“PULMAC” 
PULVERISING MILLS 
Folisain-Wycliffe Foundries Limited 


LUTTERWORTH, NR. RUGBY Tel. 10,60 & 152 
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RANGE OF HORIZONTAL AND VERTICAL DIESEL ENGINES 


at the <peed you want 
and the power you need 





RAIL TRACTION AND MOBILE PLANT 


These new engines have been specially 
developed for rail traction and heavy mobile 
plant duties for which the compact design, 
capacity for prolonged periods between 
overhauls, and wide range of speeds and 
powers are particularly suited. Available in 
6-cyl. and 8-cyl. forms and in horizontal and 
vertical versions developing from 164 bhp at 
1000 rpm to 533 bhp at 1500 rpm. These 
engines are also available to run at 1800 rpm 
for approved applications only. 


Vertical and horizontal engines are offered 
normally aspirated, mechanically supercharged 
and turbo-charged. Horizontal Engines are 
suitable for under floor mounting in railcars. 
In shunters where headroom is limited, then 
this engine gives a much increased field of 
vision to the driver. The NM. series is also 
ideal for electrical generator and “‘stand by” 
duties, compressor and pumping set drives and 
heavy excavators, graders and other contractors 
plant. 


FREE PISTON GASIFYERS We also manufacture Free Piston Gasifyers under licence from 
Alan Muntz and Co. Ltd., Pescara and S.E.P. Gasifvers, with a suitable Gas Turbine, provide 
power in single and multiple units from 1,000 to 20,000 h.p. for electrical generating sets, marine 
propulsion, locomotive traction and compressor and pumping sets. Please ask for leaflet No. 1801. 


A member of the Hawher Siddeley Group 


THE NATIONAL GAS AND OIL ENGINE CO. LTD., ASHTON-UNDER-LYNE, LANC‘. 
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NEW TECHNICAL BOOKS 





Synchronous Motors and Condensers. By D. D. 
Stephen, B.Sc., A.M.I.Mech.E., A.M.LE.E., Assoc. 
A.LE.E. 510 pp., 151 illustrations. Publishers : Chap- 
man & Hall Ltd., 37 Essex Street, London, W.C.2. 
Price : 60/-. 

Of special interest to application or plant engineers 
responsible for the choice and installation of electric 
motors for industrial devices, this excellent book is in- 
tended as an introduction to the characteristics of syn- 
chronous motors, and discusses the problems encoun- 
tered when selecting the most suitable motor for a 
particular industrial application. In addition, post- 
graduate engineers will find the book useful in widening 
their knowledge of the subject, while the section on syn- 
chronous condensers will be of undoubted value to power- 
system engineers and all those associated with system 
operation. 

Important features of the book include descriptions 
of the characteristics of all the types of synchronous 
motor, together with associated starting and control 
equipment, investigations of various aspects of pro- 
tection of synchronous machines, and consideration of the 
requirements of particular applications. 


Motion and Time Study. 4th Edition. By Ralph M. 
Barnes, M.E., Ph.D. 678 pp., 356 illustrations. Pub- 
lishers : John Wiley & Sons, Inc., New York, and 
Chapman & Hall Ltd., 37 Essex Street, London, W.C.2. 
Price : 74/— ($9.25). 

Revised to present new material in the field of motion 
and time study, and including additional and more 
diverse illustrative matter, this new edition still adheres to 
Professor Barnes's original purpose of presenting the 
basic principles underlying the successful application of 
motion and time study. Five new chapters cover motion 
study, mechanization, and automation ; mechanized 
time study and electronic data processing ; systems of 
motion-time data ; work sampling ; and evaluating and 
controlling factors other than labour, and multi-factor 
wage-incentive plans. 

The book includes new material on developments in 
the industrial use of pulse rate as an index of physical 
activity. The section on time study is enlarged by new 
material on statistical procedures in time study and 
information on auditing of methods, time standards, and 
wage-incentive plans. All known systems of motion data 
are outlined and four of these systems are described in 
detail, including complete tables of motion-time data for 
each. 


A Guide to Nuclear Energy. By R. F. K. Belchem, 
C.B., C.B.E., D.S.O. 84 pp., 13 illustrations. Publishers : 
Sir Isaac Pitman & Sons, Ltd., Parker Street, Kingsway, 
London, W.C.2. Price: 10 

As General Belchem points out in his preface, the 
atomic age has resulted in the introduction into industry 
of new standards of quality and precision, while the 
metallurgical requirements of nuclear technology have 
brought into prominence several of the rare metals, the 
use of which has confronted scientists and development 
and production engineers with many problems. Further- 
more, the nuclear-energy industry has introduced a new 
language into the business of power production and, in 
those branches of industry concerned with supplying 
nuclear-energy requirements, personnel need a basic 
knowledge of the subject of nuclear power 

This useful little book successfully fulfils its purpose of 
explaining simply and concisely, for the benefit of those 
with limited specialist knowledge, how nuclear reactors 
function, and includes a general description of the more 
important types now being constructed or studied. In 
addition, descriptions of the more important construc- 
tional materials in the nuclear-energy industry are given 
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ing Economics. Vol. / : Elements of Industrial 
Organization. 6th Edition. By T. H. Burnham, B.Sc 
(Hons,), B.Com., F.1.1.A., M.1.Mar.E., A.M.1.Mech.t 
A.M.1.E.E., A.M.1.Prod.E., and G. O. Hoskins, O.B.E., 
B.Com., M.Sc.(Econ.Lond.), Cert.A.1.B., F.R.Econ.S 
336 pp., 9 illustrations. Publishers : Sir Isaac Pitman & 
Sons, Litd., Parker Street, Kingsway, London, W.C.2 
Price : 21/-. 

This well-known textbook in Pitman’s Engineering 
Degree series introduces engineers to a study of the 
methods affecting their own technique and provides a 
knowledge of the economic system of production and 
distribution necessary to enable them to fit their work 
advantageously into the general economic scheme 

During the seventeen years that have elapsed since 
the fifth edition of this book was published, there have 
been great changes in money and banking, external 
trade, and the sources of raw materials and power, while 
a new Stage in industrial evolution has been attained 
accompanied by far-reaching developments in industrial 
control and in the relations between State and industry 
As a result, this new edition has been extensively revised, 
particularly where changes have been most marked 
while statistics have been brought up to date and a new 
chapter on the State in Industry has been added 


Learning Metalwork with Aluminium. By J. ¢ 
192 pp., 128 illustrations. Publishers : Temple Press 
Ltd., Bowling Green Lane, London, E.C.1. Price : 12/6 

In this useful and interesting book, the author, who 
has had extensive teaching and industrial experience, 
demonstrates his belief that beginners in metalworking 
should use a medium within the scope of their immature 
skill. For this purpose, he illustrates the suitability of 
aluminium as a medium for learning metalwork, by 
virtue of its lightness, ease of manipulation, and readily 
improved appearance by polishing and by simple, effec 
tive methods of surface decoration 

The subject is covered efficiently and concisely 
ranging from simple forming operations to foundry 
work and finishing techniques The illustrations are 
especially commendable and, together with step-by-step 
instructions, will be readily understood by students and 
spare-time metalworkers. In addition, there is a useful 
bibliography, an appendix of technical data, an index 
and a list of suppliers of tools, equipment, and materials 


Older 


British Plastics Year Book, 1958. 28th Edition. 816 
pages. Publishers : Iliffe and Sons Lid., Dorset House 
Stamford Street, London, S.E.1. Price » 42 
1/9) 

This invaluable guide to the plastics industry, the only 
classified guide of its kind, is, as always, of inestimable 
service to all connected with the plastics industry and to 
manufacturers and users of machinery and equipment 

This 28th edition has been thoroughly revised and has 
now been divided into eight sections. Of these, three 
sections are devoted to classified lists of manufacturer 
and suppliers of materials, finished products, and equip 
ment, while a fourth section contains the largest list 
in the world of trade and proprietary names connected 
with the industry and covers materials, as well as finished 
goods. Each trade name is followed by a definition of the 
product and the manufacturer concerned A useful 
glossary of technical terms in connection with plastics 
also included in this section 

The names and addresses section contains near 
4000 firms associated with plastics, grouped into countries 
and the “ Who's-Who 
of prominent people actively engaged in the industry in 
Great Britain. The review of patents msued during the 
previous year has again been included 
subject groups, providing a valuable record of technx 
developments in the industry. Also, a set of tables giving 
comparative propertics of plastics materials is included 
for the first time in the book 
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Send for full details of British Bellows Controlled Air Power Equipment 

Controlled Air Power Equip- 

ment — the first step to : P P . 

lncrenced production. is specifically designed to speed up production 
STAND 324 and save labour costs. It can be fitted by 


MECHANICAL HANDLING 
EXHIBITION 


Earls Court May 7 to 17. your own staff—to new or existing machinery. 











Manufactured by the British Bellows Division of 
GEORGE H. HUGHES LTD., EDGEMOND AVENUE, BIRMINGHAM 24 
Telephone: ASHfield 1183 t 
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LATEST INDUSTRIAL LITERATURE 





1. Metal-Cleaning and Degreasing Equipment. In a 28- 
page illustrated brochure, descriptions are given of a 
range of machines for industrial cleaning and degreasing 
of metal parts of a wide variety of types and sizes. Among 
the machines dealt with are a number of special machines 
of large capacity for small machine parts, cylinder-block 
and cylinder-head washing machines developed for the 
automobile industry, and low- and high-frequency 
ultrasonic cleaning machines for superfine cleaning. 
Illustrations are also included of special machines for 
cleaning and degreasing designed and built to customers’ 
requirements. 


2. Materials-Handling and Sintering Plant. Various 
features of major importance in the design of handling 
and sintering plant are described in a well-compiled 12- 
page brochure. Numerous exclusive patented features 
are incorporated in the sintering plant, and brief details 
are given, with illustrations, of a sintering machine, feed 
hopper, ignition furnace, and materials-handling plant 


3. Derusting and Descaling Pistols. A leaflet presents 
technical details of derusting and descaling pistols for the 
preparation of surfaces to be cleaned or prepared for 
painting or metallizing. These pistols comprise a number 
of rapidly vibrating hardened-steel needles, which clean 
right down to the parent metal and adjust themselves to 
any contour or uneven surface. 

The pistols will thoroughly clean out angles, corners, 
pockets, rust pitting, etc. Some of the applications listed 
include the descaling of boilers, chains, machine tools, 
weld seams, and castings. 


4. Silicone Electrical Insulation. A wide range of heat- 
stable silicone insulation materials with definite advan- 
tages over other forms of insulation for certain applic- 
ations and within prescribed limits is described in a 4-page 
leaflet, with illustrations of component parts made in 
some of these materials. The high permissible operating 
temperatures mean greatly prolonged life for electrical 
machines operating under adverse conditions, reduced 
overload and fire-hazards, and increased output per unit 
weight, obtainable by redesigning or rewinding with 
silicone insulation. In electronics, this insulation facili- 
tates the design of miniature components which are often 
operated at high temperatures 


5. Motors for Water and Sewage Pump Drives. In an 
extensively illustrated 32-page brochure, which includes 
reference lists of many water and sewage installations 
where these motors are already in use, the principal types 
of motors which may be chosen for pump drives are 
briefly considered. In particular, notes based on the 
experience gained from the application of many vari- 
able-speed a.c. motors to pump drives are presented 
in a concise form and clarified by pump performance 
curves. Features of general design of such motors and 
of automatic control systems are also covered 


6. Air Gauges. The range of air gauging equipment fully 
described and illustrated in this excellently compiled 
18-page brochure has a number of distinctive features 
which give outstanding advantages over other methods 
of gauging, including case of use, high amplification, 
accuracy, speed, economy, and dependability 

These air gauges are particularly designed for appli 
cation to automatic gauging. Their high-pressure sys 
tem, in addition to its other advantages, provides suffi 
cient power to operate pneumatic relays and positioning 
devices They are high-production units capable of 
inspecting and sorting several thousand complex parts 
per hour, and several dimensions can be measured simul- 
taneously. Furthermere, other dimensions can be com- 
puted from the dimensions actually measured 
MAY, 
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7. Power Punching and Shearing Machine. In an 8-page 
illustrated brochure, details of a power punching and 
shearing machine are attractively presented This 
machine is built entirely from steel plate, and provision 
of adequate bearing surfaces ensures that the machine 
will stand years of arduous duty with minimum main- 
tenance. Fitted with nickel-chrome steel blades, the 
machine will cut steel plates, not exceeding 28 tsi, up to a 
maximum thickness of 4 in 

The machine is dual-operating, twin clutches enabling 
two operators to work simultaneously The drive ts 
through triple V-belts and gearing, and a safety device 
is incorporated to reduce the possibility of accidents 


8. Retdining Rings. A well-illustrated 6-page leaflet 
gives practical information on the design, fitting, and 
removal of retaining rings which save many man-hours 
in assembly. These rings are available in all sizes from 
4 in. diameter up to 10 in. as standard, larger diameters 
being supplied to order Advantages include reduced 
machining time, weight saving, case of fitting and re 
moval, full circularity (ensuring firm contact and full 
circumferential pressure), concentric design (offering 
maximum contact area), neatness of appearance, and 
greatly improved dynamic balance for rotating shafts 
Some typical applications include hydraulic and electrical 
assemblies, control equipment, etc 


9. Hydraulic Clamping Equipment. A 26-page illus 
trated brochure gives particulars of a hydraulic clamping 
system whereby any number of points can be held or 
released simultaneously The principle is based on the 
use of a hand-operated hydraulic pump, of either the 
lever or the screw type, which is capable of delivering 
fluid at a high pressure to each of a number of hydraulic 
cylinders. The cylinders are arranged to form the means 
whereby clamping pressure is exerted upon the article to 
be held, and the only practical limit to the number of 
clamping points is the fluid capacity of the pump. The 
clamps, when pressure is released, retract simultaneously 
under the action of internal return springs 

It will be appreciated that, with this system, the total 
time occupied in clamping and unclamping a piece of 
work is very much less than that required with several 
nuts and screws and other devices. In fact, the greater 
the number of clamping points involved, the greater will 
be the saving in time 


10. Three-Core Oil-Filled Cables. In an &-page brochure 
the salient features of design and manufacture of 34-kV 
oil-filled cables are described. These cables have oval 
conductors and are constructed without the use of fillers 
or steel-spiral oil ducts, the interstices themselves being 
utilized for oil-flow purposes 

The advantage of this type of cable, compared with 
circular-conductor oil-filled cable lies in the reduced cost 
effected by the reduced diameter and weight of the oval 
conductor cable and by the fact that there are no spiral 
oi ducts or fillers. Some useful comparison tables are 
included in the brochure 
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BROCKHOUSE Venti-Kleinstfilter 


indispensable for the dust extraction 


MACHINE of polishing and grinding machines 
TOOL 

REBUILDING as well as 

SERVICE 









machine tools. 


Why not consult us about 
that one-time useful ma- 
chine tool which is now 
We have a comprehensive machine tool 
rebuilding service available for LATHES, AUTOMATICS- 
MILLERS, SHAPERS, PRESSES AND DIE CASTING 
MACHINES up to 8 ton weight (approx.). 


standing idle? 


Send for a descriptive leaflet: 


J. BROCKHOUSE & Co. Ltd. 


Machine Tool Division, - ELM WORKS - WOLVERHAMPTON 


Tel. 23801 
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If you require pressings consult Ward 
(Metal Details) Ltd. We are specialists 
in the manufacture of all types of small 
and medium pressings of any shape, size 
and thickness, in steel, tinplate, copper 
etc. from which complete assemblies can 
be fabricated by welding, soldering or 
brazing. 

Illustrated here are some examples of 
our products, and similar components 
can be produced to your own specifica- 
tion and design, and supplied in painted, 
plated or enamelled finishes. 


(METAL DETAILS)LTO 


D 2 & «, 


© 


e 


DARLASTON -: STAFFS 














F. Ss. RATCLIFFE 
CRAWFORD SPRING WORKS * NORMAN ROAD 


(ROCHDAL E) 


LIiMIiTreob. 


ROCHDALE 
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GRIPOLASTIC 


ENDLESS BELTS 





for Power 
Transmission 











give unequalled 
performance ON ALL DRIVES 


Sole Manufacturers 


LEWIS & TYLOR LTD 


Power Transmission Engineers 
Gripolty Mills CARDIFF Tel: Cardift 26301 


LONDON MANCHESTER GLASGOW 
Terminal House Canada House 213 W. Campbell St., C2 
Grosvenor Gans., SWI 3 Chenstow St., 1 Tel: City 5310 


Tel: Sloane 7883 Tel: Central 9636 











TO INDICATE CONTROL OR RECORD 
TEMPERATURE 


/ 
{ C 


ET 
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For accuracy, ease of reading, robustness, economy and long, trouble free 
life install Rototherm Thermometers, Controllers and Recorders. Specialists 
in bi-metallic applications Write for details 


ototherm 


BI-METAL MERCURY-IN-STEEL VAPOUR PRESSURE 
THE BRITISH ROTOTHERM CO. LTD. 
Merton Abbey, London, S.W.19 LiBerty 766! 
Midland Factory: Hollis Street, New Basford Nottingham 77647 





The right 


gauge for the job 












3” Dial Diameter 
Bottom Connec- 
tion Mounting 
MONOGAUGE. 














The size of the dial. means of mounting, 
working and many other 
factors have to be carefully considered 
when selecting THE RIGHT GAUGE 
FOR THE JOB. We have a wide range 
of models and long experience of gauge 
usage at your disposal. 


conditions 


David Marcourt Ltd. 
LINKULA WORKS, 
COVENTRY ROAD. BIRMINGHAM, 10 
Victoria 1051-1052. Grams: Linkula. Birmingham 10 


A member of SMITHS Industrial Instrument Division 
AP 252/12 


Phone : 
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KOLOK 


POSITIVE LOCK WASHER 


You'll have no more 
worries about nuts and 
bolts working loose if you 
fit KOLOK positive lock 
washers. Available in 





all sizes. 


POSITIVE LOCK WASHER CO. LTD. 
45 RENFREW STREET, GLASGOW, C.2. 


Telephone: DOUglas 9292 
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‘impossible 





You can be sure ‘‘Starcast’’ will solve your casting 
problems, however complicated and intricate. From 
long experience and advanced technical knowledge, 
we have achieved a reputation for producing correct 
castings to the most exacting B.S. specifications 
PLUS ALL MACHINE SHOP FACILITIES 
Our modern machine shop service including gear 
cutting and horizontal boring will economically speed 
your production programme (A.1.D. approved) 


accurate castings 
with complete uniformity 


right through/ 


"§ t ARCAST' 
Grey Iron Castings up to I7 tons 
Rf TEREC TRADE MAR 















From } Ib. to } ton 











B.S.S. 1452 

ACCURATE CASTINGS IN: 

GREY IRON - BRASS . GUNMETAL . ALUM BRONZE . ALUMINIUM ALLOY (SAND AND DIE) 
Write to: 


THE STAR FOUNDRY LTD., BILSTON, STAFFS. Tel. BILSTON 414745 
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THERE’S A 
SOUND BARRIER 
IN INDUSTRY TOO! 





More than 1,000 factories now use the Croid-Cooper method to combat 

















noise and vibration, the arch-enemies of efficiency. In these factories 








each machine is simply stuck down on a felt base with a holding 
power of 50 Ib to the square inch, a felt base that absorbs more than 
80°, of vertical vibration in some cases reducing the wear on machines 
and enabling them to produce more accurate work. Reducing 
the wear on operators’ 
nerves, too. With the 
Croid-Cooper method 
bolting and grouting are 
things of the past, and lay- 
outs can be changed 
overnight. 


CROID 65 


MACHINE FIXING GLUE 


COOPERS 
SeLYy ’ COOPER & CO. (B’HAM LTD. 


BRYNMAWR, BRECONSHIRE. 
PARE 
| ESTABLISHED 1/923 | 


eS Si 
3 ‘se “® —— | VULCASCOT anti-visration paps 


| The Oil Resistant Machine Mountings 


Send for further details 
today. 























Tested and proved by years of usage 


a. CARBIDE INSERTED Check vibration, shock & noise 


They are Tough and Hard and outlast many H.S Make machine installations onsy 


Steel or ‘Live’ Centres. ‘‘ PAREX '’ means No fixing bolts required ee. 
accuracy with economy. They are supplied in all p y 
standard tapers, or special for light or heavy duty Save maintenance time and cost LL 
lathes and grinding machines. ‘‘ PAREX"’ metal Combat nervous strain 

is not affected by ordinary abrasive grits. Send 

for price lists and literature to Sole Makers : Isolate loads up to 4 tons per sq. ft. 








Standard sizes : I8 in. = 18 in. FP @ IMPROVE 


FRNEST TURNER « Co. sarono LTD) and 36 in. 1Bin.= jy’ PRODUCTION 


Manufactured by :— 


VULCASCOT (Gt. Britain) LTD. 
87-89 ABBEY ROAD, LONDON, N.W.8 








Tel. Tra. Park 1381. 





| “ Parex”’ Works, West Burton Street, Salford, 5. | 











Telephone: MAida Vale 7374/5 for delivery from stock ! 
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Only a very small section of our range is shown here. Please send for 
catalogue No. 156 ED or a technical representative for industrial advice. 


increased efficiency... 


_ Fede 
put it on / Castors 


‘Putting it on castors’ is certainly the way to speed things 
up, and to an amazing extent when the right castors are 
used for the job 

virtually limitless 


The varied uses of Flexello castors are 

They are used in nurseries and steel 
mills, aircraft plants and beauty parlours 
the range, the service and facilities to make castors the 
true servant of the production manager, the hospital mat 


Flexello has 


Closest 


ron, the restaurant manager, or the storekeeper 







inspection, superior 
designandup-to-date 
production methods 
have made Flexello 
the largest castor 

manufacturer in 

I urope Cc p T 


_ : 2 CASTORS 


MECHANICAL HANDLING STAND 
EXHIBITION (MAY 7-17) 204 


FLEXELLO CASTORS & WHEELS LTD., SLOUGH, BUCKS. Tel: SLOUGH 24121 














BEST is 
CHEAPEST 
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LONG 

RUN 
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T.WHITTLE & SONS LTD. 


POWER TRANSMISSION ENGINEERS 
HEAD OFFICE AND WORKS WARRINGTON 
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HARROW BOLD WIMRLEY Wit 


TYRE PRODUCTS LTD 

















FOR ALL 
INDUSTRIAL 


From One Feed to Twenty 


Fitted on Main and Auxiliary Engines of over 2000 ships 
used by all leading British and many Continental Engine Builders 


J. & W. KIRKHAM LT°- BOLTON 


‘ * PHONE: 8027-8 GRAMS: BRASS 























IN THIS GEOPHYSICAL YEAR — remember 


The Nitriding Process 

for Case—hardening 

Special Steels by 
Nitrogen offers 


@ Surface hardness up to 1100 D.P.H. 


@ Retention of full hardness after 
heating to 500° C. 





@ Maximum resistance to frictional 
wear and fatigue. 


; ry) 
@ 'mproved resistance to corrosion ( hbo CLIPS HAVE ENCIRCLED 


by water and steam. 
Regd Trade Mark 


7 THE WORLD FOR THE LAST 35 YEARS 





Particulars from — Make sure it's genuine—look for the Jubilee” Trade Mark 
NITRALLOY LIMITED 
ATLAS WORKS SHEFFIELD 4. L. Robinson & Co. (Gillingham) Ltd., 
Telephone: 26646 Sheffield. Telegrams: Nitralloy, Sheffield. London Chambers, Gillingham, Kent. Tel. 5282 








RUBERT 


COMPOUND CLAMPING TOOL— 


has a unique feature to exert simultaneously horizontal and vertical pressure, 
thus ensuring the work-piece to be safely held in position, allowing maxi- 
mum stock removal at high speed. This is achieved by a double cam action 
in conjunction with an angular slot. 
Can be used on all machine tools and also on jigs and fixtures. 
Further outstanding advantages are : 

|. No protruding nuts or screws. 








* 2. Quick setting without any packing pieces. 
Delivery from stock 3. For final machining, an easily controllable amount of pressure car 
RUBERT & CO. LTD., Chapel Street be relieved, thereby achieving higher accuracy. 
Levenshulme, Manchester 19 4. Accidents due to slipping are impossible. 
Telephone : RUSholme 4613 5. Non-corrosive oil burned finish. 
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Fly a Kite? 


Or just make ‘em. In any case, your life is 
made easier by the lubrication-free, heat 
resistant lightness and immense 

strength of 











Laminated 
Plastics 


Coin Insulation Ltd. 


**Coin Works,’’ St. John’s Road, Woking, Surrey. 
Tel: Woking 4789-90. Grams: Coin Woking. 





























ALLOY STEELS 


—too!! 


For many years it has been known that 
‘40/50°,, Carbon Steel Gears will give 
an appreciably longer life when Flame 
Hardened—in fact four to five times 
the normal. 

Fewer people are aware that Alloy 
Steels—Nickel Chromium—En 23, En 24, 
En 110, etc., can be similarly treated 
and pass the most stringent tests. 


Write us or ‘phone for full information 


FLAME HARDENERS LTD. 


Shorter Works, Bailey Lane, 
Sheffield, | 
Tel.: 21627 




















Type NX, X & CY 
CABLE CLIPS 


are 
QUICKER, SIMPLER, SAFER 


These non-metallic, high-dielectric cable clips provide the 
safest means of securing cable looms and components in 
ill radio and electrical equipment. They are manufactured 
n both nylon and P.V.C. in an extensive range covering 
ill wiring requirements. Specially designed radiused 
edges, non-chafing, anti-corrosive. Fully tropical 
Approved all services. 






——— 


la ‘ ; 
( idal-Mel ele ab 


_ BUSH e) 


Saves time and money 

jon-metallic. Fully Tropical 

Here is a Bush designed for instant 
ssembly by a simple snap on finger 
ction. Completely secure under all 
vorking conditions. 

ligh Dielectric. Approved all Services. 
samples and literature available on 
equest. 


NSULOID MANUFACTURING CO. LTD. 


Sharston Works, Leestone Ave., Wythenshawe, Manchester 
Tel: Wythenshawe 2842 and 3163 
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Visit us on Stand No. 10 
Mechanical Handling Exhibition. 


inside or outside 
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Agency—Stanley D. Dickson 

Firth, Thos., & John Brown Led. 
Agency—Stanley D. Dickson 

Fischer Bearings Co. Led. 
Agency—H. Raymond Morgan 

Flame Hardeners Led. 

Flexello Castors & Wheels Ltd. 
Agency— Dudley Turner & Vincent Ltd. 


Fodens Ltd. 
Agency—A. H. Knowles Ltd. 
Folisain-Wycliffe Foundries, Ltd. 
Ford Motor Co. Ltd. A 
Agency—Rumble Crowther & Nicholas Ltd. 
Fordsmith, H., Led. 
Agency—Arthur Burns Publicity 
Francis, Wm. C., Led. 
Fraser, Andrew, & Co. Ltd. 
Agency—QJ. Peers and Associates Ltd. 


Gas Council, The 
Agency—C. P. Wakefield Ltd. 
General Electric Co. Ltd., The 
Gibbons Bros. Ltd. 
Agency—Elliott Advertising Ltd. 
Glacier Metal Co. Ltd. 


A&C 
Agency—Notley Advertising Ltd. 


Gloucester Foundry Ltd. 
Agency—Print for Industry Ltd. 


Cqptverr Tyre & Rubber Co. (G.B.) Led., 
e 


AS4 


Agency—Erwin Wasey Ruthrauff & Ryan Lid. : 
G.P.A. Tools & Gauges Ltd 
Griffiths, A. E. (Smethwick) Led. 
Griffiths, Gilbart Lloyd & Co. Led. 
Agency—Nicholls Dorrity Advertising Ltd. 


G.W.B. Furnaces Led. 
Agency—Crane Publicity Ltd. 


Hackbridge & Hewittic Electric Co. Ltd. 
Agency—Industrial Publicity Service Ltd. 


Hallamshire Steel & File Co. Ltd., The 
Agency—Downtons Ltd. 


Hall, Harding Ltd. 
Halimac Tools Ltd. 
Agency—Jack White & Associates 
Hancock & Co. (Engineers) Ltd. 
Agency—Tibbenham Publicity Ltd. 
Harcourt, David, Led. 
Agency—Allardyce Palmer Ltd. 
Harris, John, Tools Led. 
Agency—Sinclair Advertising Agency 
Harvey, G. A., & Co. (London) Led. 
Agency—G. P. Hughes Advertising 
Hathernware Ltd. 
Agency— Donald Macdonald ( Adv.) Ltd. 
Heap, Joshua, & Co. Ltd. 
Heenan & Froude Led. 
Agency—Kenley Advertising Ltd. 
Hermetic Rubber Co. Ltd. 
Hilger & Watts Led 
Agency—Crane Publicity Ltd. 
Hoffmann Mfg. Co. Lted., The 
Holden, Arthur, & Sons Led. 
Agency—S. D. Toon & Heath Ltd. 
Holroyd, John, & Co. Ltd. 
Agency—C. R. Casson Ltd. 
Horstmann Gear Co. Ltd., The 
Agency—Trowbridge Pritchard & Co. Ltd. 
Hughes, Geo. H., Ltd 
Agency—Elliott Advertising Ltd. 


Hunt & Mitton Led 


Agency—Tom C. Gough & Partner Lid 


ford Led 
Agency—Samson Clark & Co. Lid 

Imperial Chemical Industries Led. 
Agency—Clifford Martin Ltd. 

impregnated Diamond Products Ltd. 
Agency—E. Allan Cooper & Co. Ltd. 
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Index (continued ) 


dustrial Fan & Heater Co. Ltd. Newall Group Sales Led. Sperry Gyroscope Co. Ltd 
Agency—Sinclair Advertising Agency Agency—J. Peers and Associates Lid Agency—Samson Clark & Co. Lid 
suloid Manufacturing Co. Ltd. A93— Nitralloy Led. Standard Telephones & Cables Ltd 
Agency—W. Hopwood & Co. Agency—Stanley D. Dickson Agency—Brockie Haslam & Co 
ternational Combustion Products Ltd. AS! 

ee . ot North British Rubber Co. Ltd., The Star Foundry Led., The 
Agency—Technical & General Adv. Agency Ltd. Aemerp—She Robert Freeman Co. Lad domnep—Toms C. Geanh & Pastas bad 
Nu-Swift Led ] Steel, J. M., & Co. Led 


»hnson Foster, H., Ltd. A4%6 Agency—Central Advertising Service Lid Agency—Reynell & Son Lid 


Stone-Chance Led 
ayser, Ellison & Co. Ltd. Osborn, Samuel, & Co. Ltd Agency—Notley Advertising Lid 
Agency—Stowe & Bowden Ltd. 
eelavite Rotary Pumps and Motors Ltd. 
Agency—Cogent Advertising Service Lid. 
endall & Gent Ltd dgency—-Warren Seymour & ( 
Agency—Associated British Machine Tool Parmiter, Hope & Sugden Ltd 
Makers Ltd. Agency— Donald Macdonald ( Advertising) 

enilworth Manufacturing Co. Ltd. A38 =—~ Payne & Griffiths Led. Tangyes Led 

4gency—Glovers Advertising Ltd. Agency—Sandbrook , Metcalf & Co. Lid Taylor, Taylor & Hobson Led 

rkham, J. & W., Led A92 Pell, Oliver, Control Led Agency—Pichfords Advertising Lid 
laxon Led. _ _ Agency—S. C. Peacock Lid Teddington Industrial Equipment Led 
Agency —C. Vernon Ltd. Pioneer Oilsealing & Moulding Co. Led Agency—Crane's Publicity Lid 
Uppersbusch & Sohne AG. Agency—Hyde & Partners Lid 

Agency—Firma Albert Gebelhoff 


Super Oi! Seals & Gaskets Led 
Palmer, G. A. Stanley, Ltd Agency 4. A. Black Lid 
Agency— Divers Advertising Sykes, W. E., itd 


Terry, Herbert, & Sons Led 
Pitman, Sir Isaac, & Sons Led Agency —John Haddon & ¢ Lid 


Positive Lock Washer Co. Led Thompson, John, Water Tube Boilers Led 
ang Pneumatic Ltd. Agency—Peter A. Menzies Advertising Agency —Rowlinson-B 
Agency—J. Peers and Associates Ltd. PR. Motors Ltd Tufnol Led 


Lewis Spring Co. Ltd., The Agency—A. A. Black Lid 
Agency—Nicholls Dorrity Adv. Ltd. EE EY a ER bed 
estos Lo t 
ewis & Tylor Ltd Radio Heaters itd 4gency— Donald Macdonald ( Advertising) 
Agency—Glovers Advertising Ltd Agency —J. Peers & Associates Lid a E ac ‘ 
. urner rnest ©. (Salford) Led 
Ley’s Malleable Castings = Ltd. Ransome & Maries Bearing Co. Ltd 1 e 
Agency—H. Raymond Morgan Agency—Ruddocks Advertising Agency "> nea ltd 
Lincoln Electric Co. Ltd. gency vlee (Advertising) Lid 
thes a Rapid Magnetic Machines Led. 
Agency—London Press Exchange Ltd. demcp—ihdward Hilton Advertising Lad 
Linread Ltd. 


Agency—Beardmore Advertising Ltd. Ratcliffe, F. S. (Rochdale) Led Uni-Tubes Led 
Agency—Osborne-Peacock Co. Lid Agency — Frederick Aldridge Lid 
Lloyd, F. H., & Co. Led. 


ughion 


Agency——Crossley & lid 


Agency—Print for Industry Ltd. Rawsthorne's (Bolton) Ltd —— . Soha tH, Co. ied 
gen) hn Halifax La 
Lodge Plugs Ltd. Revolvo Ltd 
Agency—Elliott Advertising Ltd. Agency—Ripley Preston & Lid 


Reynolds Tube Co. Led Varatio-Strateline Gears 

Madan, Chas. S., & Co. Led. Agency—Ripley, Preston & Co. Lid Vaughan, Edgar, & Co. ind 

Agency—Portland Advertising Ltd Richards, Charles, & Sons Ltd Agency — Oldfield & Shar 
Magnetic Valve Co. Ltd., The Agency —Longleys & Hoffmann Lid Vent 

Agency—Crane Publicity Ltd. Roberts. J. W.. Ltd 
Measurement Ltd Agency —Armstrong-Warden Lid 

Agency— Robert Brandon & Partners Lid 
Metalifacture Ltd 

Agency—Rex Publicity Service Ltd 4 
Metropolitan-Vickers Electrical Co. Ltd Rocol Ltd x? ha ie ene a 

Agency—Technical & General Advertising Agency Nevin D. Hirst (Advertising) Lid gency ane Pu ty Lad 

Agency Lid Rotherham & Sons Led Vulcascot (Gt. Britain) Led 

Midland Industries Ltd. A% Agency—George Murray Advertising Lid 

Agency—A. A. Black Ltd Rubert & Co. Led a See ae Oe re 
Minganti, Giuseppe, & Co A25 y “ ts 4 ad , 

ren) cardmore Advert 

Mining & Chemical Products Led c c . 

Agency—John Mitchell & Partners Lid Salter, Geo., & Co. Led 4 Walpamur Co. Led., The 


Agency Severn Publicity Lid Agency —Oshorne- Pea Ad 
Mirrlees, Bickerton & Day Led . ' 


Agency —Rowlinson-Broughton Sanderson Bros. & Newbould Led b Ward (Metal Details) Lad 
Monks & Crane Led. Saturn industrial Gases Led Agency——Beardmore Advertising Lid 
Agency—Sandbrook, Metcalf & Co. Lid Agency—Crossley & Co. Lid Ward, Thos. W.. Led 
Moon Bros. Ltd 
Agency— Douglass & Co. Lid 
Morgan Crucible Co. Ltd., The 
Morris, Herbert, Ltd. 
Morris, B. O., Led 
Agency—Cogent Advertising Service Lid 
Mountford, Frederick, (B'ham) Led. A%6 dgency Baird & Dawson Lid 
Agency—S. D. Toon & Heath Ltd Serck en — ine 5 wean ne 
4 Mn ‘4 y , ‘“ shen 4 
Myford Engineering Co. Ltd AS6é Agency re wenn £8 yaad . pee rane Met (at lid 
Sheffield Twist Drill & Stee! Co. Led., The . — ay « - 
Cover | Wilcon, Edward, & Co. Led 
Napier, D., & Son Limited Al® Sherborne Rubber Co. Led., The Agency— Donald Macdonald (Advertising) Lid 
Agency—C. R. Casson Lid Agency — Sinclair Advertising Agency Wicksteed, Chartes & Co. (1920) Led 
National Gas & Oil Engine Co. Ltd ABS Agency Nich Daorrity Advertising Lad 
Agency —Rowlinson-Broughton Lid 
Neill, James, & Co. (Sheffield) Led. ATi 
Agency—J. K. Clayton Adv. Agency Lid Smith, W.H., & Son Led 
Newage (Manchester) Led As} Spencer (Melksham) Led 
Agency—Howard Panton Lid Agency—Trowbridge Pritchard & Co. Lid 
Newall, A. P., & Co. Led A303 Spencer Wire Co. Led 
Agency—Osborne- Peacock Co. Lid Agency -Divers Advertising Zinc Alloy Rust-Proefing Co Lad 


atorentabrik Oeide OM BH 

Vickers-Armatrongs (Engineers) Led 
Agency Technical & General Ad 

Robinson, L., & Co. (Gillingham) Led ‘ Visco Engineering ( 
Agency —Ripley Preston & Co, Lid dyer Ernest l 


o. tw 


if lid 


Savery, Thomas, Pumps Led Agency—Oelrichs Advertising Lid 
Agency Nicholls Dorrity Adv. Lid Weston, Chas. & Co. Led 

Schrader's Son. A Agency (rose ourtenay Lid 
Agen Godbolds Limited Whitehouse, Wm. & Co Led 

Sentinel (Shrewsbury) Led i Agency—Severn Publicity Lid 
Agency —J. Peers & Associates Lid Whittle, T.. & Sone Led 


Sintered Metal Components Lid 
Agency—Jack White and Associates Wolverhampton Die Casting Co. Led, The Ade 
Agen y — Sterling Advertising Lid 

Wright, Bindley & Geli Lid 
Agency. J Fowler A Co Lad 
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‘“‘Thermindex’’ Paints are temperature sensitive compounds 
which indicate by a sharp, clear cut change of colour when the tem- 
perature of a surface has attained or exceeded a predetermined 
value, so that information on the temperature of an entire surface 
is given at a glance. 

Write Dept. KL/6 for full technical details. 


“THERMINDEX 


eee 


PAINTS 











TEMPERATURE INDICATING 











SOLE DISTRIBUTORS FOR EUROPE AND THE U.K. 


J. M. STEEL & CO. LTD. 
36-38 KINGSWAY, LONDON, W.C.2 


Tel. : HOLborn 2532/5 


Branch Offices 
51 SOUTH KING ST., 45 NEWHALL ST., 
MANCHESTER 2 BIRMINGHAM 3 
Tel. : Deansgate 6077/9 Tel. : Central 6342/3 
Manufactured by Synthetic & Industrial Finishes Ltd. 























STEAM TRAPS 


GUARANTEED FOR 2 YEARS 


ALSO REDUCING VALVES, WATER HEATER CONTROLS, | 


H.P. HOT WATER VALVES 


MIDLAND INDUSTRIES LIMITED 


HEATH TOWN WORKS WOLVERHAMPTON. Ph © 23901 
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TURQUOISE 
isnot ‘just another’ 
drawing pencil 


The lead in Turquoise pencils is something quite 
special. It is prepared from 100”,, electronic graphit 

which after being cleansed of all impurities is spun t 

particles of 1/25,000 of an inch, then blended wit! 
clay and steeped in hot waxes. 

A finer, more compact lead structure results, becaus 
millions more minute graphite particles are com- 
pressed into every inch of lead. 


TURQUOISE DRAWING HB a 


This lead structure makes Turquoise the most reliable 
pencil you can use. It ensures exceptional smoothness 
—this eases your work. It means less wear and greater 
resistance to point breakage—this saves time and 
money. It means densef, more opaque lines for 
cleaner, sharper reproductions. 











Turquoise Grading is Tried and True 
Turquoise pencils are made in 17 grading 
Each is compounded from a separate 
precisely controlled basic formula of 

ALSO . graphite and clay, and each is therefor 
AVAILABLE sas uniformly spaced as the inches on 
Turquoise y your rule. 


drawing leads i 
Sa EAGLE J 


‘CHEMI+SEALED' Super-bonde 


DRAWING PENCILS 


pee | with 1007 ELECTRONIC Graphit 


T.14A 
EAGLE PENCIL COMPANY -ASHLEY RD TOTTENHAM, » 7 
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HYDRAULIC FORTOX FLEXIBLE 
LEATHERS BELLOWS protect 
AND PACKINGS machinery and exclude dirt 
are manufactured for all types of a ‘ 2 f ed 
systems fluids and pres- 
sures. Accuracy of manu- 


facture ensures positive seal- 

ing and long trouble free life. A 
range of silicone leathers and syn- 
thetics is available for extreme 
conditions. Single iten 


F \ 
| . 
SF; supplied promptly 
| i 


TTT Rasa Wal thas, 


HEAD OFFICE AWD TAWMERY ~~ Lonoon PLLLiM 
THE TANNERY - STOURPORT ON-SEVERN - WORCS . LANT STREET BOROUGH S$. E. 1 
TELEPHONE sTOoOvRPORYT 20/7 7" ; TeL_ GPeowe “oF aee 
quite 
hit 





unt 


| CALDWELLS ° i" STAINLESS STEEL 


Chemical Plant, 
Mixing Vessels, 
Storage Vessels, 


Tanks, Ducting, 


Piping, Flanges. 
SPECIALISTS IN STAINLESS STEEL 





; 
¥aB SBS wl = 
—_ ee | 
oO Ss « nm ¥v 
Saeansr& a 


AND MILD STEEL FABRICATION. 





CONSTRUCTIONAL STEELWORK. 





nde CAPSTAN AND REPETITION WORK. 


j 
| SEND YOUR ENQUIRIES TO 


*'| T. CALDWELL & SON 


ST. JOHN STREET, BOLTON 





shit 





Est. 1877 Phone BOLTON 3672 (2 lines) 








Smooth out the 
production flow... 


DORMER 


S/LVER RING 


TWIST DRILLS 


... take the tough jobs 
in their stride 


THE SHEFFIELD TWIST DRILL AND STEEL COMPANY LIMITED 


SHEFFIELD ENGLAND 
DORMER TOOLS ARE OBTAINABLE FROM YOUR USUAL ENGINEERS’ MERCHANTS 








